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The significance of the discovery of the mutability of Oenothera 
Lamarckiana, O. biennis, and allied forms is a double one. In the 
first place, it provides us with material for experimental investi- 


gations into the laws which govern the origin of living forms by 


means of the production of new characters and of the loss of exist- 
ing ones. The knowledge of such laws must become of the highest 
practical value as soon as the evidently limited possibilities of 
producing new forms through the recombination of characters by 
means of crossing becomes exhausted. This conclusion seems 
especially well founded, since the old conception of improving 
agricultural races after the principle of slow and continued selections 
has now generally been abandoned and replaced by the direct 
selection of elementary types out of the mixtures which constitute 
the so-called agricultural races and varieties. 

The appearance of really new characters seems to be a very 
rare phenomenon in nature, and a case in which such changes 
regularly occur in one or more per cent of all the individuals affords 
material for experiments, the results of which may be expected 
to apply to a large series of other species also, including, probably, 
an important number of agricultural crops. 

In the second place, the mutability of the evening primroses 
has a distinct bearing upon the theory of mutation, or of the origin 
of all living species from one another by sudden leaps instead of 
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by slow and almost invisible changes as was assumed by Darwin. 
The theory itself does not, of course, depend on this or other single 
instances; it is founded uvon general considerations taken from 
almost all branches of biological and paleontological research, as 
[ have often pointed out.’ 

One of the main arguments is the statement that adaptations 
cannot, as a rule, have been produced by slow improvements, and 
that quite a large number of differentiations in organization, if not 
almost all the really important ones among them, are not adapta- 
tions at all. 

Apart from our poetical admiration of nature, we have no other 
way of judging the reality and efficiency of supposed adaptations 
than by their effects in the struggle for life. Species which are 
distributed over large countries and occur in thousands of indi- 
viduals are evidently well fitted for their life conditions. Newly 
introduced forms, which are spreading with astonishing rapidity 
and gaining a large territory often in the lapse of a few years, 
thereby show the highest degree of adaptation to their new environ- 
ment. But a showy differentiation may be followed by a wide 
distribution, as in the case of Drosera, or limit the species to a 
relatively very small area, as in Dionaea. 

Of late J. C. WILLIs has brought forward the most conclusive 
evidence against the theory of natural selection and in favor of an 
origin of species by mutation.” He bases some of his arguments 
upon his observations of the endemic species of Ceylon, such as are 
found in Coleus, Acrotrema, and other genera. If these endemics 
had evolved according to the law of natural selection, in consequence 
of a gradually increasing adaptation to their local environment, 
it would follow that they must now be better adapted than their 
parent types, conquer these in the struggle for life, and become 
quite common, while the old forms would tend to disappear. As 
a matter of fact, however, their behavior is quite the contrary. 

' DeVries, Huco, The mutation theory. 2 vols. 1909-1910; Species and varieties, 
their origin by mutation, 2d ed., 1906; Die Mutationen in der Erblichkeitslehre. pp. 42. 
Berlin. 1912; The principles of the theory of mutation. Science 40:77-84. 1914. 

Wixuis, J. C., Some evidence against the theory of the origin of species by natural 
selection of infinitesimal variations, and in favor of origin by mutation. Ann. Roy. 


Bot. Gard. Peradeniya 4:1-15. 1907. 
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The endemics are rare, often strictly local, and grow in the midst 
of a luxuriant vegetation of their widely spread and _ thriving 
ancestors. It is hardly necessary to point out that this conclusion 
holds good not only for Ceylon, but for the origin of endemic and 
local species in general. 

Wittts has also called attention to the Podostemaceae and 
the allied group Tristichaceae. They show one of the most inter- 
esting illustrations of a very rich differentiation without the least 
indication of a relation to their environment. A very great uni- 
formity in the conditions of life is combined with a most remarkable 
variety in their morphological structure. In the Podostemaceae 
the flowers are anemophilous, terminal, and erect, but combine 
with these characters of low organization the highest degrees of 
dorsiventrality and of differentiation, and this without any refer- 
ence to advantages or disadvantages to be derived from them in 
their functions. Numerous points of similar significance in the 
structure of the vegetative and reproductive organs are pointed 
out by the author. Moreover, the genera Tristicha and Podo- 
stemon, which are widely distributed, are comparatively little 
modified from the earlier types of the orders, while the highly 
specialized forms are at the same time the rarest, exactly as in 
the case of the endemics of Ceylon. 

In the group of the evening primroses the same principles 
prevail. Their struggle for existence is limited by the difficulties 
which they have in producing roots. Cuttings almost never suc- 
ceed in rooting, with the exception of the lateral rosettes at the 
base of the stem. Artificial transplanting becomes difficult as 
soon as the main root increases in size. In the field only a small 
percentage of the seeds germinate and thrive, and this only under 
special conditions. They want a stirred up soil and do not like 
to grow between other plants. These characters are common to 
all the forms which I have had an opportunity of studying in their 
native habitats. On the other hand, the numerous small specific 
differentiations, such as the form of the leaves, the branching of 
the stem, or the structure of the flowers and fruits, do not show 


> Witits, J. C., On the lack of adaptation in the Tristichaceae and Podostemaceae. 


Proc. Roy. Soc. 8:532-550. 1914. 
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the least relation to their environments. Even the preference for 
an annual or a biennial behavior, which might seem to be a direct 
adaptation, does not exhibit any reference to the actual life condi- 
tions. The conception of natural selection and of the accumu- 
lation of small variations on account of their utility cannot explain 
the specific and generic differences in this group. 

Therefore it seems unavoidable to assume that specific differ- 
entiation in the genus Oenothera has been produced and is still 
being produced by small steps, each of which evolved a character 
at once to its full development, without any reference to the struggle 
for life. That, besides this process, from time to time new com- 
binations of characters by means of crosses may have given rise 
to constant hybrid strains, which we have as yet no means of 
distinguishing from pure species, cannot of course be doubted. 

Now, Oenothera Lamarckiana, O. biennis, and some allied forms 
are seen to be still in a condition of making, from time to time, 
such small steps. They are doing this in their natural habitats 
as well as in experimental cultures, and the variations produced 
show no relation to the external conditions of their environment 
or to the method of their culture. On this ground, the claim seems 
justified that the mutations, directly observed in the primroses, 
are similar to those which have produced in nature the specific 
differences and the differentiating characters in this group. If 
this is conceded, it follows that the analogous processes in other 
genera, and even in the origin of the larger systematic groups, must 
be viewed in the same way. This claim, however, has not escaped 
serious objections. 

The main line of these attacks is based upon the vague and 
double assumption that O. Lamarckiana might be a hybrid, and 
that its hybrid origin might account for its present mutability. 
These two assumptions are evidently independent of one another 
and would have to be proven separately. So far as I know, no 
attempts have been made as yet to prove the second assumption, 
and no hybrid races have been produced which, from this cause, give 
rise to phenomena exactly duplicating the mutations of the prim- 
roses. And it is evident that so long as such an analogy is only 


an ardent wish of the critics, the question whether the mutating 
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primroses are of pure or of hybrid origin is not of paramount 
importance for the appreciation of the fact of their mutability. 

The first attacks on the gametic purity of the mutating forms 
have been directed only against O. Lamarckiana, and at the present 
time the most prominent adherents of this opinon are Davis and 
RENNER. They try to give proof of a separate hybrid nature 
for this species on considerations which do not apply to O. biennis 
and the other mutating forms, and concede for these latter a pure 
origin. 

Davis based his arguments upon a historical research con- 
cerning the origin of O. Lamarckiana, and upon his attempts to 
duplicate this form by crossing others which he assumed to be of 
pure line.’ A specimen collected by MicHAvx in the eastern part 
of the United States, about a century ago, and studied by L. 
BLARINGHEM, proves our plant to have been a component of the 
flora of this country, whence LAMARCK obtained the authentic 
specimen for his original description.® 

RENNER studied the empty seeds of O. Lamarckiana, which 
constitute over one-half of the whole crop. He brings this phe- 
nomenon in connection with the ability of this species to produce 
twin hybrids, /aeta and velutina, in certain crosses with older types, 
and assumes that the sexual cells are one-half potential /aeta, and 
the other haif potential velutina. In the normal fertilization of 
O. Lamarckiana this would produce } laela, } velutina, and 4 of 
the hybrid combination JaetaXvelutina. He further assumes that 
in pure condition both the daeta and velutina qualities are incom- 
patible with normal development, and that the germs which bear 
them are doomed to die at an early stage, thereby leaving their 
seeds empty. Only the combination /aetaX velutina would be fit for 
further growth, and if we assume that this shows the marks of 
O. Lamarckiana, the constancy of this form would not be in 

4 Davis, B. M., Mutations in Oenothera biennis L. Amer. Nat. 472116. 1913; and 
Parallel mutations in Oenothera biennis. Ibid. 48: 499-501. 1914. 

, some hybrids of Oenothera biennis and O. grandiflora that resemble O. 
Lamarckiana. Amer. Nat. 45:193-233. IQII. 
BLARINGHEM, L., L’Oenothera Lamarckiana Ser. et les Oenothéres de la forét de 
Fontainebleau. Travaux de biologie végétale, dédiés 4 GASTON BONNIER. Rev. Gén. 
Bot. 25?:35-50. 1914; see also my article in Bor. Gaz. 57:345-300. pis. 17-19. 1914. 
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contradiction with the other hypotheses. If we accept these views, 
all reasons for supposing a correlation between the splitting phe- 
nomenon and the mutability would lose their value, and this 
latter process would come much nearer to the corresponding 
changes in O. biennis and allied species. The hypothesis, although 
resting on too large a number of suppositions, would in some sense 
be a support for the thecry of mutation, since it is evidently impos- 
sible that these presumed qualities, which are incompatible with 
life, could have evolved slowly on the ground of their utility in the 
struggle for existence. Moreover, the hypothesis has no direct 
bearing on the observed phenomena of mutation, and the fact that 
in O. biennis such empty seeds are wholly or almost wholly absent 
proves beyond doubt that mutability may be independent oi 
them. Thus the hypothesis of RENNER emphasizes the importance 
of a study of the mutation phenomena in O. biennis, in contra- 
distinction to those in O. Lamarckiana, at least for the present, 
until facts are available to appreciate the correctness of his views. 

Obviously the hypothesis that O. Lamarckiana might be a 
hybrid, whilst O. biennis is not, can in no way account for the 
phenomena of mutation which are common to both of these species. 
For this reason it seems important to describe the degree of muta- 
bility as it has been observed, up to this time, in O. biennis, which 
is, next to O. Lamarckiana, the most suitable species for this kind 
of research. The mutations in the other forms seem to be far 
more rare, and therefore require many more thousands of indi- 
viduals for a statistical study or for experiments upon their causes. 

Besides the assumption that O. Lamarckiana might be a hybrid, 
some authors have recently pointed out that hybridism may be one 
of the chief ways in which species are produced in nature, especially 
in the larger or so called polymorphous genera. LINNAEUS was 
the first to propose this hypothesis, at the time when the number oi 
discovered forms was growing so fast as to make it almost impossible 
to assume a separate creation for every one of them. I have not 
the least doubt that Linnaeus and his followers were right in this 
point, and that many wild species have been produced by the 
sexual combination of the characters of their allies. How great 
a réle this kind of hybridization or of the recombination of char- 
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acters has played in the production of species in nature is a question 
which it is impossible to answer at the present time. There is no 
doubt that numerous hybrids are continually produced in nature, 
but almost all of them disappear after a relatively short period 
of existence. Even in such genera as Cirsium and Salix, which 
are known to be rich in hybrids, our knowledge concerning the 
propagation of hybrid strains is very small.’ It is quite possible 
that some as yet undiscovered principle of purification (Selbst- 
reinigung der Arten) prevails on a large scale, and if this should 
be so, we must expect hybrid races to be rather rare in the field. 

FockE has published a list of forms which have been dupli- 
cated by means of artificial crosses,* and quite a number of later 
instances have been added to this list, the latest of them being 
the reconstruction of O. biennis leptomeres out of O. biennis L. and 
O. atrovirens Bartlett (O. cruciata of my Gruppenweise Artbildung), 
by means of the expulsion of the undesirable characters in double 
reciprocal crosses.? But all such facts point rather to a relative 
rarity of hybrid races in nature, outside of the small number of 
well known polymorphic genera. 

GATES assumes that crosses between species or between ele- 
mentary species often occur in nature among allogamous or open- 
flowered forms.’ But, according to my own experience, even in 
such cases hybrids are rare in the wild state, and hybrid races 
must be much rarer still. The slightest degree of weakening of 
the individual vigor will doom such hybrids to extermination, even 
as most of the occasional white flower mutations in nature dis- 
appear sooner or later, without starting a permanent variety. 

In order to save the hypothesis of hybridism as a cause of the 
mutable condition of the evening primroses, different authors have 


For the hybrids of Cirsium see C. NAGELI, Dispositio specierum generis Cirsii tam 
genuinarum quam hybridarum, in G. D. J. Kocu, Synopsis Florae Germanicae et Helveti- 
cae, pp. 743-700. 1857; and for the willows see MAx Wicuura, Die Bastardbefruchtung 
im Pflanzenreich, erliutert an den Bastarden der Weiden. Breslau. pp. 95, mit zwei 
lafeln. 1865. 

‘Focke, W., Die Pflanzenmischlinge. 465-468. 1881. 
» Gruppenweise Artbildung. Berlin. 311-312. 1913. 


MGATES, R. R., Mutation in Oenothera. Amer. Nat. 45:577-006. 1911; see 
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proposed different auxiliary suppositions. And since the possi- 
bility is acknowledged that mutability may be far more widely 
spread within this group than we now know, such suppositions 
must not be of a limited nature, but applicable to large divisions of 
the vegetable kingdom. KEARNEY, in studying the mutations of 
the Egyptian cotton, comes to the conclusion that these and other 
mutations might be the result of crosses between remote ancestors, 
but that these crosses have left no other traces in their descendants 
than “the disturbance of germinal equilibrium, which manifests 
itself in the production of mutants.” It is not very clear how 
this supposition is to bring the problem nearer to its solution. 

In a recent article in this journal,” JEFFREY takes an opposite 
position. He assumes that the ancestral crosses have left another 
visible trace in their descendants, which is the partial sterility of 
their sexual cells. It is a well known fact that many hybrids have 
partially sterile pollen, while acknowledged species have, as a rule, 
only fertile pollen grains. JEFFREY assumes this rule to be without 
exceptions, but does not adduce any arguments in favor of this 
hypothesis. It is difficult to judge the value of an argument so 
long as the facts upon which it rests have not been submitted to 
criticism. But I might suggest that it seems rather hard to recon- 
cile this view with the fact that in angiosperms three of the four 
megaspores are usually sterile, while only one produces an embryo 
sac. Are we to deduce from this fact, in connection with JEF- 
FREY'S hypothesis, that all angiosperms are hybrids, at least on 
the maternal side ? 

Numerous special arguments could be adduced. It may suffice, 
however, to point out the genus Carex, in some of the best species 
of which the pollen is in the same condition, three of the grains of 
each tetrad being sterile and only one fertile.“ Every single grain 
of the ripe pollen is a tetrad, showing the very reduced rudimentary 
remnants of three of its cells as a flattened investment of the 
fertile one. 

" KEARNEY, T. H., Mutation in Egyptian cotton. Jour. Agric. Research 2:287- 
302. IQI4. 


2 JEFFREY, E. C., Spore conditions in hybrids and the mutation hypothesis of 
DEVriIES. Bort. GAz. 58:322-336. 1914. 


3 JuEL, H. O., Die Entwickelung der Pollenkérner bei Carex. Jahrb. Wiss. Bot. 
35:049-050. Igoo. 
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In the article just quoted, no parallelism has been attempted 
between the presence of sterile pollen grains and the already numer- 
ous published instances of mutations outside of the group of the 
evening primroses. Let us take for instance Capsella Bursa- 
pastoris, which has produced C. Heegeri and C. Viguieri. Its 
pollen is devoid of sterile grains. Here we have a clear case of 
partial sterility not being the cause of mutability. On JEFFREY’s 
principle we must acknowledge C. Bursa-pastoris as a good species 
of undoubted gametic purity, and therefore it is evident that even 
the purest species may be in a mutable condition. From this we 
infer that mutability in itself does not justify the supposition of 
a hybrid origin, and that attacks on the gametic purity of the 
evening primroses have no real support on this side of the question. 
I have cultivated both C. Heegeri and C. Viguieri in my experiment 
garden; the first of them has globular and the other four-winged 
capsules. Both are historically known to have arisen suddenly 
from the parent stock, and come true to seed. 

JEFFREY lays stress mainly on the fact that partially sterile 
pollen is a widespread phenomenon among the allies of the evening 
primroses. Whether it runs parallel to their mutability has not 
been investigated, and as a matter of fact it does not seem to be 
much more highly developed in O. Lamarckiana and O. biennis than 
in the other members of the group. 

The question of the partial sterility of the Onagraceae has been 
most thoroughly dealt with by GEERts.’® He sums up his results 
as follows: The genera Jussieua, Zauschneria, Epilobium, Bois- 
duvallia, and Lopesia are wholly fertile; they show neither rudi- 
mentary ovules nor sterile pollen grains. Only in Epilobium and 
Boisduvallia some rare pollen tetrads may sometimes miscarry. 
In the genera Clarkia, Eucharidium, Godetia, and Gaura all the 
ovules are fertile, but among the pollen grains about 30 per cent 

44 SotMs-LAUBACH, H., Capsella Heegeri Solms, eine neu entstandene Form der 
deutschen Flora. Bot. Zeit. 10:167—190. pl. 7. 1900. 

BLARINGHEM, L., Fleurs proliféres du Cardamine des prés. Bull. Soc. Bot. France 


60:304-311. 1913; and Les transformations brusques des étres vivants. Bibl. Phil. 
Sci. Paris. 1911 (see pp. 119-147). 


4S GEERTS, J. M., Beitrige zur Kenntnis der Cytologie und der partiellen Sterilitit 
von Oenothera Lamarckiana, Amsterdam. pp. 114, mit 24 Tafeln. 1901; see p. 93. 
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are sterile. Aneiffia, X ylopleurum, and Lavauxia have some rudi- 
mentary ovules as well as sterile pollen grains (10-50 per cent). 
In the genus Oenothera, with the subgenera Onagra, Euoenothera, 
and Anogra, the percentage of sterility is about 50 per cent in the 
ovary as well as in the anthers. In the first group about 4o species 
were studied, in the second 30, in the third to, and in the last 
40, making together about ‘120 species. If in the last three groups 
some species were pure, and devoid of sterile sexual cells, they 
would no doubt have been discovered, and the supposition that 
the remainder might be considered as their hybrids would have 
found support. But this was not the case, and if we wish to ascribe 
the presence of all these sterile sexual cells to ancestral crosses, the 
crosses must be supposed to have taken place, or at least to have 
begun, among the ancestors of the whole family, with the exception 
of the Lopesieae, the Jussieueae, and the Epilobieae. It seems 
hard to have to suppose that the whole pedigree of the NXylo- 
pleurinae, the Clarktinae, and the Oenotherinae should have had to 
go through the development of partial sterility in order to produce 
the present mutability of Oenothera Lamarckiana and half a dozen 
or perhaps even a dozen of its nearest allies. 

The second main supposition, namely that hybridism might 
be a cause of mutability, is dealt with by JEFFREY in a particular 
way. He assumes “‘that there is every reason to suppose that it 
has been an agency of great importance in multiplying species, 
although it is logically inconceivable in the present state of our 
biological knowledge that it could have presided at their origin.” 
The first of these two alternatives represents, so far as I can see, 
a conviction which is at least very widely spread among biologists 
ever since the time of LInNAEus. It by no means contradicts the 
theory of natural selection, nor that of mutation, nor any other 
evolutionary principle. It has no obvious reference to the phe- 
nomena observed in the evening primroses, since with them the 
production of new forms takes place in pure lines of a species which 
has come down to us unchanged during at least a century, since 
the time MIcHAUxX discovered it in the United States and sent it to 
Europe.© At least there is no direct recombination of characters 


The probable origin of Oenothera Lamarckiana, Bor. GAz. 57:345-360. 1914; 
see pl. IQ. 
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by actual crosses between different elementary types, such as we 
ordinarily suppose to occur in polymorphic groups in nature. 

The other alternative, that it is logically inconceivable that 
hybridism could have presided at the origin of new species, coin- 
cides exactly with the current conception of the mutability in the 
evening primroses. New forms originate through the evolution 
of new characters, as in O. gigas and O. rubricalyx;" or through 
the loss of existing ones, as in O. nanella and O. rubrinervis; or by 
means of the appearance of qualities, which were probably latent 
in the parent race, as in O. lata and O. scintillans.* These cases 
are evidently not recombinations of existing characters. If it is 
conceded that the hypothesis of a hybrid origin does not apply to 
them, it is obviously unimportant for the theory whether or not, 
besides them, there are other instances which may be considered 
as hybrid recombinations. O. semigigas, which is a hybrid between 
a normal and a mutated sexual cell, has never been considered as 
an argument against the mutation theory. 

In cultures of chrysomelid beetles, W. L. Tower has observed 
hereditary changes which run almost parallel to the mutations of 
O. Lamarckiana. He started from crosses between Leptinotarsa 
decemlineata, L. multitaeniata, and L. oblongata, and obtained 
constant races. When given proper treatment by changing their 
environic factors, these races could be made to break up, and they 
did so in a manner at least partially analogous to that of the 
evening primroses.” 

It is obvious that the fact that mutations may be artificially 
induced in hybrid strains does not contradict the contention that 
they may arise in pure strains also. But from the experiments of 
TOWER it seems that some hybrid strains at least are more liable 
to show the phenomenon. 

7 QO. gigas is considered to be a progressive mutant on account of its double number 
of chromosomes and its special behavior in crosses. O. rubricalyx, which arose in the 
cultures of GATEs from rubrinervis, and which I cultivated this summer from seeds 
kindly supplied by him, is perhaps the most beautiful among all the mutants of 
O. Lamarckiana. Its red color is something quite new in the group. It behaves as a 
Mendelian dominant in crosses with its parent species and is therefore obviously of a pro- 
gressive nature; see GATES, R. R., Amer. Nat. 45:600. 1911. 

* See Gruppenweise Artbildung. Berlin. pp. 244-260. 1913. 


Tower, W. L., Evolution of the chrysomelid beetles. Carnegie Institution of 
Washington Yearbook no. 12:68-71. pl. 3. 1913. 
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Let us now consider the production of new forms analogous to 
the mutations of O. Lamarckiana observed in allied species. The 
theoretical significance of these facts lies in the proof that any 
hypothesis to explain such phenomena on the ground of qualities 
which are special to LAMARCk’s evening primrose is to be con- 
sidered as wholly inadequate. 

The first instance of mutability shown by another species than 
O. Lamarckiana was the production of a dwarf by O. biennis 
cruciata, a form which is now to be described as O. biennis var. 
leptomeres Bartl. This form was first discovered in 1900 by my 
son Ernst DE VRIEs in the sand dunes near Santpoort in Holland, 
where a single specimen of O. biennis bore linear petals, while all 
the surrounding individuals were normal O. biennis L. It had 
evidently arisen there by mutation.”? From it a constant strain 
has been derived, which is still in cultivation! Among about 
600 plants of this variety a single dwarf arose in 1903.” It had 
all the marks of O. biennis L. combined with the stature of a dwarf 
and the linear petals of the parent form. 

Shortly afterward Stops discovered, in his cultures of hybrids 
between this cruciata variety and the original species, another 
dwarf and, moreover, a new mutant type, O. biennis semigigas.* 
Both arose from guarded seeds without any intermediate steps, 
in the same way that the mutants of O. Lamarckiana are known 
to arise. They had cordate petals, the dwarf having in other 
respects the same characters as the dwarf of O. biennis leptomeres, 
and the semigigas having 21 chromosomes in its nuclei. STromps 
was the first to lay stress on these facts as a proof that mutability 
is not limited to O. Lamarckiana, and that, even if this latter 
species should have to be considered as a hybrid, mutability can- 
not be explained as a result of such a condition, since there is not 
the least doubt concerning the gametic purity of O. biennis L.* 

*» Die Mutationstheorie. Leipzig. 1900; see 23599. 

21 Pure seeds of this pure strain I shall be glad to send to any botanist interested 
in these questions. 

22 Uber die Dauer der Mutationsperiode bei Oenothera Lamarckiana. Ber. Deutsch. 
Bot. Gesells. 33:387. 1905. 


23 Stromps, Tu. J., Mutation bei Oenothera biennis L. Biol. Centralbl. 32:532. 1912. 


24 Davis, B. M., Mutations in Oenothera biennis L. Amer. Nat. 47:116. 1913; 
also Parallel mutations in Oenothera biennis L. Amer. Nat. 48:498-501. 1914. 
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From these discoveries it was pretty safe to deduce that the 
pure O. biennis must also be in a state of mutability, and the first 
thing to do was obviously to make extensive cultures in order to 
find the pure line mutants. Sromps cultivated over goo individuals 
of the third and fourth generations of a pure line, derived from a 
rosette collected by him in the sand dunes near Beverwyk, Holland, 
in 1905.7 Among these he found one O. biennis mut. nanella, one 
O. biennis mut. semigigas, and also four instances of the pale- 
vellow variety O. biennis sulfurea. The first two he calls parallel 
mutations, since they are analogous to the dwarfs and semigigas 
mutations of O. Lamarckiana and arise in the same way and with 
the same differentiating characters. The experimental origin of 
O. biennis sulfurea by mutation clearly shows that this variety, 
which is anything but rare in some parts of our sand dunes, may 
arise in the same way in the wild condition and afterward propa- 
gate itself by seeds. 

The production of dwarfs from O. biennis by mutation has 
since been repeated more than once in my cultures of hybrids 
between this species and some of its allies,”° and a /ata mutant from 
QO. biennis has been reported by GATES and described under the 
name of O. biennis mut. lata. Besides O. biennis, some allied 
species also are now known to show the phenomenon of mutation. 
Among these, an American form of O. biennis, which I cultivate 
under the preliminary name of O. biennis Chicago, has been studied 
more extensively than any other form. I had already found in 
the neighborhood of Courtney, Miss., in 1904, in a locality called 
“the bottom,” along the shores of the Missouri River, a single 
specimen with narrow, almost linear leaves. Evidently it con- 
stituted a wild mutation from the surrounding type.” 

Seeds taken from the normal specimens of this locality have 
since produced in my garden two mutations, which proved, in 
their progeny, to give constant and uniform strains and which 
I have cultivated during a series of years under the names of 

25 Sromps, Tu. J., Parallele Mutationen bei Oenothera biennis L. Ber. Deutsch. 
Bot. Gesells. 32:179-188. 1914; also Parallel mutations in Oenothera biennis L. Amer. 
Nat. 48:404-497. 1914. 

6 Gruppenweise Artbildung. pp. 300-301. Berlin, 1913. 


27 Op. cil. P. 304- 
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O. salicastrum and O. salicifolia.* The first plants are as high as 
O. biennis Chicago, attaining 2 and sometimes (1914) almost 3 
meters in height. They differ mainly in having narrower leaves. 
The salicifolia, on the contrary, is different from its parent species 
in almost all respects, being richly branched and rarely attaining 
one meter in height. It has almost linear leaves of a special blotted 
green, small erect flowers and long thin fruits. Analogous muta- 
tions have from time to time been observed in hybrid cultures of 
O. biennis Chicago. 

Under the name of metaclinous hybrids I have described the 
curious phenomenon that heterogamous species from time to time 
produce among their hybrids from one cross, in one or a very few 
specimens, the type which is ordinarily that of the reciprocal 
hybrid.” For instance, the cross O. biennis Chicago XO. Lamarck- 
jana gives the twin hybrids densa and laxa, while O. Lamarckiana 
XO. biennis Chicago produces the twins O. laeta and O. velutina. 
Now among the first hybrid cultures sometimes a velutina, and 





more rarely a Jaefa, arises, and among the latter sometimes a laxa. 
Evidently some latent mutation, on the part of O. biennis Chicago, 
must be responsible for the production of these aberrant types. 
Analogous metaclinous hybrids have been described for O. atro- 
virens Bartl.*° 

Narrow-leaved mutations have also been seen in cultures of 
O. muricata, and of late (1914) in those of O. suaveolens Desf.*' 
Moreover, O. grandiflora, collected by Mr. BARTLETT and myself 
at Castleberry in Alabama, throws off aberrant forms, one of which 
has broader and the other almost linear leaves.* 

8 For descriptions and figures see Gruppenweise Artbildung. pp. 304-307. 

9 Op. cil. p. 308. 

” This is the species described in my book Gruppenweise Artbildung under the name 
of O. cruciata. For its metaclinous hybrids see pp. 309-310. 

31 For the different varieties and mutations of O. muricala see also GATES, R. R., 


\ contribution to the knowledge of the mutating Oenotheras. Trans. Linn. Soc. II. 
Bot. 8:1-66. pls. 1-6. 1912. 

3? For O. grandiflora see GATES, op. cil. p. 38. Tf the three types of O. grandiflora, 
observed in my garden, occur also at Dixie Landing, Alabama, and have crossed, each 
of them, with O. Tracyi, and have perhaps produced twin hybrids and unlike recip- 
rocals, this might explain the large number of forms observed on that spot; see Science 


38:000. Ig12. 
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Lastly, mutations have been observed by H. H. Barrierr* 
to arise in O. stenomeres, a new species of Montgomery, Maryland. 
In the fourth generation of a pure strain, embracing 106 indi- 
viduals, he found three aberrant types. One was a self-sterile 
plant, the second had thick buds and short thick fruits, and the 
third was a stout and very hairy individual with densely hairy 
petals, which justify its new name O. slenomeres mut. lasiopetala. 
Hairy petals constitute quite a new discontinuous variation among 
the evening primroses, since all individuals of O. slenomeres, as 
well as the allied species now being studied in this respect, have 
petals which are glabrous, except under microscopic examination. 

From this list we see that at least seven species, besides 
O. Lamarckiana, are now known to be in a condition of mutability, 
namely O. biennis L., O. biennis Chicago, O. muricata L., O. atro- 
virens Bartl., O. suaveolens Dest., O. grandiflora Ait.*4 and O. 
stenomeres Bartl. Probably more or less numerous allied forms 
will prove to be in the same condition as soon as they are tried 
on a sufficiently large scale. Therefore, this mutability can no 
longer be explained on the ground of observed or supposed char- 
acters of O. Lamarckiana which would distinguish this species 
from the other types of the group Onagra. 

QO. biennis L., the European type of the species, which is growing 
wild and in large quantities in the sand dunes of Holland, where 
it had already been observed and collected by LINNAEvs, is, next 
to O. Lamarckiana, the most suitable for researches concerning 
mutability. DAvis says, ‘*No wild species of evening primrose 
has been so long under experimental and field observation or is 
better known to the workers with Oenotheras than this plant. 
The species has proven uniform to a remarkable degree, and it 
would be difficult to find a type of Oenothera so free from suspicion 
of gametic purity. The species appears to have been in Holland 
since pre-Linnean days, and is therefore very old. As material 

BartLetr, H. H., An account of the cruciate-flowered Oenotheras of the subgenus 
Onagra. Amer. Jour. Bot. 1:226-243. pls. 19-21. 1914; see p. 236. 

‘ Concerning the specific difference of the two last named forms, which have often 

been considered as synonyms, see L’Ocenothera grandiflora de Vherbier de Lamarck, 


lravaux de biologie végétale dédiés 4 GAstoN BONNIER, Rev. Gén. Bot. 257: 151-166 


jig. 7. 1914. 
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for experimental studies on mutation, the Dutch biennis seems to 
the writer the best of all Oenotheras so far brought into the experi- 
mental garden.*s 

In order to determine the coefficient of mutation for O. biennis 
L., I have made a culture of about 8500 individuals, all of which 
have'been studied from their germination to the period of flowering 
and of fruiting. In the interest of subsequent cultures they have 
been pulled out before ripening their seeds, with the exception of 
a sufficient number of their mutants, which were cultivated with 
some of the true individuals in another garden. 

The seeds for this culture were taken from the pure line pedigree 
plants of Sromps, which were derived from a single rosette of 
radical leaves collected by him in 1go05 in our sand dunes near 
Wyk aan Zee.*° In this part of our country, no other species of 
Oenothera are growing and no intermingling of forms has to be 
feared. From seed of this plant, self-pollinated, a second gener- 
ation was grown in 1gto and a third generation in tg12._ Self- 
pollinated individuals of these two generations gave the seed for 
the cultures of Sromps in 1913 and for mine in t914. These latter 
came from three and four parent plants, the descendants of which 
numbered respectively 5500 and 3000. Of course I sowed almost 
all the available seed, and their culture just covered the field at 
my disposal outside of my experimental garden (about 600 square 
meters). Thus all my plants belonged to the same pure line as 
those of Stomps, and the individuals which supplied the seeds had 
been cultivated under the most favorable conditions obtainable. 

The seeds were sown in January, the seedlings transplanted 
into wooden boxes in March, and brought on the field in the middle 
of April. This early sowing and transplanting is with us the most 
effective means of making the plants annual, and in my whole 
culture less than a dozen individuals failed to flower. 

It was possible, this time, to pick out the dwarfs from the 
wooden boxes before the transplanting into the field. By this 
means a second change of place was avoided, and the dwarfs could 


Davis, B. M., Parallel mutations in Oenothera biennis L. Amer. Nat. 4824909. 
IQOT4. 


Sromps, Tu. J., Parallele Mutationen bei Oenothera biennis L. Ber. Deutsch. 
Bot. Gesells. 32:179-188. 1914. 
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be cultivated together on a bed of my experiment garden, which 
enabled me to inspect them almost every day during their develop- 
ment and through the whole summer. The characters which 
distinguish the dwarfs in the stage of young rosettes, with leaves 
a few centimeters in length, were discovered in the following way. 

The self-pollinated flowers of the dwarf specimen of Stomps 
in 1913 had set no good seeds, but flowers pollinated from pure 
biennis had produced some fruits. Now my O. Lamarckiana mut. 
nanella, when crossed with O. biennis, yields only, or almost only, 
dwarfs. Therefore, the expectation was justified that such might 
also be the result of the cross O. biennis mut. nanellaXO. biennis. 
Seeds from this cross had been sown about the same time; they 
vielded 108 seedlings, all of which have been planted out and have 
flowered. They were dwarfs without exception, reached in Sep- 
tember a height of 40-45 cm. only, were richly branched, and had 
all the marks of O. biennis combined with the dwarfish stature 
and the liability to the same bacterial disease as is shown by the 
dwarfs of O. Lamarckiana. The young rosettes of these crossed 
biennis dwarfs clearly differed from the rosettes of the pure biennis. 
After the three or four first leaves with long petioles, there followed 
a group of leaves with smaller stalks and some sessile ones, thereby 
rendering the whole rosette far more compact than the corre- 
sponding ones of the pure biennis. With this character as a cri- 
terion, I isolated from my pure line boxes 8 individuals. One of 
them proved afterward to be a mistake; it was a pure bdiennis. 
Seven were dwarfs and have flowered; they were, in all external 
respects, like the crossed dwarfs of the control culture. Among 
the 8500 remaining plants I discovered later, in the field, only one 
dwarf. This shows that the characters were sufficiently reliable. 





Allin all, I had 8 dwarfs in 8500 plants, making about 0.1 per cent. 
They occurred among the progeny of one of the self-pollinated 
mothers in the second generation (3 dwarfs), and of three of 
the parents in the third generation (5 dwarfs). Some of them have 
set good fruits after self-fertilization. 

One of the most interesting and useful features of O. biennis L. 
is its propensity to make lateral rosettes from the base of the 


flowering stem. It is possible to isolate these rosettes and to have 
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them grow separately. The experiment succeeds easily if the 
rosettes have produced one or two roots of their own, however 
young and slender these may be. O. biennis nanella shows the 
same character, and in August I succeeded in isolating from my 
8 pure line dwarfs 8 rosettes, all of which have since developed 
into healthy young piants with some long and narrow leaves, 
followed by almost sessile ones, quite different from the rosettes 
of normal O. biennis. 

Moreover, two nanella mutants occurred in the cultures of 
O. biennis sulfurea which I shall have to describe later. These 
cultures were grown from self-pollinated seeds of the four sulfurea 
mutants of Stomps (1913), and embraced over tooo flowering 
individuals, the flowers of which were pale yellow without exception. 
Two of these plants proved to be dwarfs and were transplanted into 
my experimental garden. Both of them have flowered with pale 
flowers, have been self-pollinated, and yielded a sufficient harvest 
of seeds. The coefficient of mutation in this race was therefore 
0.2 per cent, which does not differ essentially from the first instance 
(o.1 per cent). These dwarfs are the founders of a new race, 
QO. biennis sulfurea nanella, which I propose to cultivate next year. 
Its pedigree name would be O. biennis mut. (1913) sulfurea mut. 
(1914) nanella. It is a double mutant, such as are quite common 
in horticulture, and shows the way in which wild species would 
have to be analyzed. 

I used the pollen of the O. biennis nanella of Stomps, in 1913, 
for two crosses, which may be briefly mentioned here. In the first 
place, I fertilized castrated flowers of the pure line of O. biennis. 
The pollen was not abundant, and I got only 15 good seeds, all of 
which have germinated and become stout flowering plants. They 
differed from normal O. biennis in no respect and at no moment 
during their development. Their self-pollinated seeds will have 
to be sown next year. In the second place, I pollinated O. Lamarck- 
iana with the pollen of O. biennis nanella. From this cross I had 
a culture of 55 individuals, all of which have flowered. One of 
them proved to be a /ata mutant, having besides the /ata marks the 


same characters as its sisters. These were all alike and in no way 
different from the ordinary and well known type of O. Lamarck- 
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tana X biennis, which, moreover, flowered at the same time on other 
plots of my garden. A number of these plants have been self- 
pollinated. Thus we see that the pollen of O. biennis nanella gives 
in these cases exactly the same forms as that of pure O. biennis, 
at least so far as the first generation is concerned. 

The specimen of O. biennis semigigas of the cultures of Stomps 
had only matured seed in the capsules which had been pollinated 
by pure O. biennis, without being castrated. From these seeds 
two types arose, neither of which was a semigigas. All in all, 
there were 1g plants, belonging to two forms, besides a mutant. 
This last was a dwarf, which, however, has not flowered. Of the 
remainder, ten individuals were pure biennis during their whole 
life and in all their marks. They had the normal number of 
chromosomes, namely 14, and gave a normal harvest of seeds. 
The others, 8 in number, were different from these in almost all 
respects, though but slightly. The color of their foliage was 
a whitish green, the leaves more flat, and with white veins. The 
spikes were more elongated, the flower buds more slender, the 
flowers small and erect, the fruits thin and cylindrical and rela- 
tively poor in seeds. These plants had 15 chromosomes, like 
the O. Lamarckiana lata studied recently by GATES and Miss 
Tuomas.’ But they had none of the characters of a data, showing 
thereby that the number of chromosomes, even if differing from 
the type, does not necessarily run parallel with the external 
features. 

Further studies will have to show why one-half of the progeny 
of this cross came true to the characters of the pollen parent, while 
the other half constituted a new and uniform type, differing from 
all the mutations and hybrids hitherto studied in my experiment 
garden; and especially why the characters of the mother of the 
cross should be wholly absent in its progeny. 

The first result of this state of affairs has been that the char- 
acters which the semigigas mutants might show in early youth 
remained unknown, and that it has not been possible to point 
them out before the time of flowering. In July, all the spikes 


37 GaTEs, R. R., and Tuomas, N., A cytological study of Oenothera mut. /ata and 
O. mut. semilata in relation to mutation. Quar. Jour. Micr. Sci. 59:523. 1914. 
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were carefully mustered and four specimens of the semigigas type 
were discovered. This makes a proportion of 4 to 8500, or about 
0.05 per cent, showing the semigigas mutants to be only half as 
frequent as the nanella. On later inspections no additional cases 
were observed, and likewise intermediate or doubtful instances 
were absent. The four plants were exactly alike, save that three 
were very vigorous, and one, grown in a shady part of the garden, 
was very weak. The chromosomes were counted in the first three 
instances and found to be 21, as in the corresponding mutant oi 
STOMPS. 

My four mutants were easily discovered by their broad conical] 
flower buds and their elongated spikes, which strongly contrasted 
with the dense spikes of the surrounding biennis. They reached 
the same height as these, the lowest flower being 90 cm. above the 
soil, and the total height about 1.5 meters. The leaves had the 
same form as those of biennis, but were a darker green and slightly 
more pubescent. The pollen consisted of 3- and 4-cornered grains, 
both of which types seemed fertile only for about a quarter. Arti- 
ficial self-fertilization, however, had no result, and on the stigmas 
of O. biennis, O. gigas, and O. Lamarckiana the effect of the pollen 
was very slight, inducing some swelling of the ovaries but no good 
seeds or almost none. Inversely, I have tried to fertilize the 
flowers with the pollen of the three species named, but got a good 
result only in the case of O. biennis. Numerous good capsules with 
a sufficient supply of apparently good but in reality empty seeds 
have been obtained by leaving the flowers free to the agency of 
insects in the midst of the thousands of their flowering sisters, 
while in the same garden no other Oenotheras were grown. 

The three vigorous specimens of the mutant produced some 
lateral rosettes at the base of their stem, even as we have seen in 
the case of the parent species and the dwarf variety. These 
rosettes were isolated and planted in pots in the beginning of 
August; four of them were very vigorous, but the other one rather 
weak. They have thrown off lateral rosettes themselves, and the 
stems repeated the production in two instances. It is proposed 


to try to bring these plants through the winter and repeat with them 
the culture and the experiments of this year. After a month, their 
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leaves reached 15 cm. and more in length and were clearly distinct 
from the normal type of O. biennis, being much broader and 
a darker green. 

Of the four semigigas mutants, two arose from the seeds of the 
same parent which yielded the semigigas of Stomps in tg13. All 
three belonged to the third generation of the pedigree. The two 
others were derived from two different parents of this same gen- 
eration and therefore belonged to the fourth. The reason why 
three of the five came from the same lot of seed was probably no 
other than that the harvest of this plant had been the largest. 
More than one-third of my whole culture (3200 plants) were 
children of this mother. 

No gigas with 28 chromosomes and fertile pollen occurred in 
my culture. With a chance of one sexual cell mutated into O. gigas 
in every 2000, the expectation for the copulation of two such cells 
is evidently only one in every 4,000,000. This would require 
a garden of more than five or six acres (two hectares) and the corre- 
sponding cost of labor. Perhaps some American institution is 
able to carry out the experiment. It may be reduced very essen- 
tially by a previous study of the marks of the young rosettes of 
O. biennis semigigas, so as to be able to plant out almost only these, 
hoping to find the gigas among them; or by studying the external 
influences which may increase the degree of mutability of the 
parents in the desired direction. 

Sulfurea mutants have been far less rare. This was to be 
expected from the fact that Stomps had 4 of them among 920 
plants. From the parent type they differ only in the color of their 
petals, which is a very pale yellow. It is so pale that collectors, 
who see the variety in our sand dunes, often call the petals white. 
In the cultures they are easily seen as soon as the flowers open, 
especially in the evening. I found 27 of them among my 8500 
plants, making a percentage of o.3 per cent. They occurred in 
the progeny of all the 7 parents of my stock, 13 in the third, and 
14 in the fourth generation. There were 6 parents, whose progeny 


contained o.1-o0.3 per cent, and one with 0.7 per cent (of the 
fourth generation). It is possible that this last parent had been 
more favored by external conditions than the three others of the 
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same group, although it grew among them and did not show any 
higher degree of vigor. 

The fact that sulfurea mutants were observed in the progeny 
of every one of the 7 parents of my culture directly proves this 
line of mutability to be hereditary in the whole family derived from 
the 1905 rosette from Wyk aan Zee. In combination with the 
sporadic occurrence of the pale-colored variety in our sand dunes, 
we may further infer that this mutability is hereditary in the whole 
stock of our country, and probably also in the whole species, since 
sulfurea plants have been found from the time of TOURNEFORT 
in France and other European countries. 

From the mutants constant races may be derived. I sowed 
the self-pollinated seeds of the four mutants of Stomps, and culti- 
vated 205, 225, 271, and 358 seedlings, altogether 1059 plants, all 
of which have flowered and produced only pale-yellow petals, 
making a very striking impression of constancy.** When crossed 
with the pure species, the su/furea strains give uniform hybrids 
which are patroclinous. Those of O. biennis Xsulfurea have the pale 
flowers, those of O. biennis sulfurea X biennis show the same bright 
vellow as the parent species.*? 


On experimental germination of seeds 


Of the seeds of Oenothera Lamarckiana ordinarily only about 
one-third produce seedlings, and this proportion is highly variable, 
depending mainly on the conditions of cultivation of the parent 
plant. Among the remaining seeds some contain a normal embryo, 
others a more or less completely decayed one, while still others 
are empty. The last have been thoroughly studied by RENNER, 
who found that they have been fertilized as well as the normal 
seeds and those with decayed embryos. Between these normal and 
externally normal seeds are seen the numerous rudimentary ovules 
which have not been fertilized, and have not essentially increased 
their size after the fertilization of the others. These rudimentary 
seeds have been described by GEERTS, as referred to above. 

8 Self-pollinated seeds of this second generation of O. biennis sulfurea are available 
for exchange in return for other races of mutating primroses. 


39 Gruppenweise Artbildung. p. 298. 
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In the empty seeds the embryo develops only a little, just 
enough to stimulate the seed coats to an almost normal develop- 
ment, in size as well as in structure. For the most part these 
empty seeds are a little smaller and especially a little less broad 
than the others, and can therefore easily be picked out of a sample. 
But quite a good many are externally exactly like good seeds 
and cannot be distinguished from them without being opened. 
RENNER states that about one-half of the seeds are in this empty 
condition. 

By means of a hard steel needle with a curved tip it is easy to 
make the seeds burst, especially after a thorough wetting. The 
seeds which contain a healthy embryo will discharge it; the 
unhealthy seeds will protrude a slightly brownish pulp; and the 
empty seeds show the lack of contents, except a thin layer of 
endosperm in the embryo sack. The various groups may be 
counted out in this way, but the limits between the originally 
empty seeds and those which have become more or less empty by 
an early decaying of their germs are not sharp and often dependent 
upon the health conditions of the seed-bearing individual. 

Among the seeds with a normal and healthy embryo some will 
germinate during the first days after sowing, especially if the 
temperature is a favorable one. Others will follow sooner or later, 
some after weeks or months, while still others may remain dormant 
for years. It is not an uncommon case that the proportion of the 
rapidly germinating seeds is a very small one, and in this case 
a large quantity of seed is necessary to secure a small number of 
seedlings. Moreover, in those cases where the seeds do not pro- 
duce a uniform progeny, but a mixture, as, for example, with twin 
hybrids or in hybrid splitting, the possibility cannot be denied that 
the numerical proportion of the components of the mixture may 
be different for the rapidly germinating seeds as compared with 
the others. In other words, percentage figures may be influenced 
to some degree by the occurrence of a more or less considerable 
proportion of dormant seeds. 

In order to ascertain the value of this objection, I have made 
from time to time cultures in which the rapidly germinated seed- 


lings were planted out separately from the slower ones. As a 
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matter of fact, I have not found as yet any essential differences 
between the two groups; but the doubt remained that such might 
still be discovered if it were possible to bring to germination all, or 
almost all, the slow seeds of a given sample. For a number of 
years I have tried various means to reach this end, but only of 
late have I succeeded. 

It is a well known fact that many kinds of hard seeds may be 
induced to germinate by means of filing. Filing machines, espe- 
cially for the smaller leguminous seeds, are now often used in 
agricultural practice, the best known one being the Swedish type, 
constructed by HJALMAR NILsson, the Director of the Swedish 
Agricultural Experiment Station at Svaléf. It files the seeds in 
a continuous current by throwing them against a rapidly revolving 
filing disk. Unfortunately, in the seeds of the evening primroses, 
the hard layer is not the external tissue, but that of the inner 
integument. The outer coat thus prevents the filing, and experi- 
ments which Professor NILsson has had the kindness to make for 
me with his apparatus did not give the desired result. 

In the soil the water is imbibed into the seeds through micro- 
scopic and very narrow slits in the hard layer. It is assumed that 
these slits are filled with air which, in the narrower ones, is a power- 
ful obstacle against the penetration of the water. So long as this 
only reaches the cuticularized parts of the walls of the slits, no 
moisture can reach the embryo and this remains dormant. The 
question, therefore, is to compel the water to penetrate into the 
deeper parts of the slits so as to reach the spots which can be 
moistened. 

In order to solve this difficulty, I have tried pushing the water 
into the slits under a high pressure. A compression of the sur- 
rounding air to 6-8 atmospheres has proved to be sufficient to 
induce all or almost all the healthy seeds to germinate in a few 
days. The apparatus used is a combination of an autoclave with 
an air-pump such as is used for automobiles, and the model known 
as the Michelin pump seems to be the easiest and cheapest avail- 
able one, while any autoclave, as, for example, an ordinary steam 


sterilizer, will answer the purpose. Mine has 20 cm. inside diam- 
eter, and can be filled to 8 atmospheres in about five minutes. 
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Before compressing the air in the seeds, these are thoroughly 
soaked with water. Ordinarily they are exposed in small tubes, 
half filled with water, to a temperature of about 30° C. during one 
night. In the autoclave they remain from one to three days, at 
the temperature of the room. My apparatus can accommodate 
over 100 tubes at a time, each containing a different sample. After 
leaving the reservoir, the seeds may be sown in seed pans for 
cultivation or may be left te germinate in the same tubes, if it is 
only intended to determine the proportion of seedlings produced. 
In order to do this the water is poured off through a small sieve, 
the tube is closed by means of a cork, and the seeds are distributed 
along the upper inner side of the tube, this lying horizontally. 
In this way they get exactly the required amount of water and of 
air for a vigorous germination. 

[ will now give some figures to show the effect of this pump- 
ing in of air into the previously soaked seeds. After pumping, 
the degree of germination was determined by leaving the tubes 
in a stove at 30° C. and counting the seedlings in samples of about 
200 seeds each. Out of 18 capsules from self-fertilized flowers of 
a spike of O. Lamarckiana, 3400 seeds were counted, a separate 
germinating tube being used for the contents of each fruit. Of 
these seeds, 15 per cent germinated during the first two days and 
only 3 per cent during the two following days, showing the normal 
germination power to be almost exhausted. Then the seeds 
remained three days in water under a pressure of 8 atmospheres, 
after which they were brought back to the stove. The next two 
days produced 22 per cent seedlings, and the four following ones 
added only 1 per cent to this number. Then the remaining seeds 
were tried with aneedle. Only about 5 per cent contained 
embryos, half of which at least were evidently in a decaying 
condition. 

The total of germs was 46 per cent, leaving 54 per cent for those 
with an undeveloped germ. From these figures we see that the 
production of seedlings from a sample of seeds may be more than 
doubled by the pumping method, while all or almost all the healthy 
germs may be made to germinate. Numerous similar instances 
could be added. 
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A sample of seeds of O. biennis, taken from a late flowering 
individual, produced only 2 per cent of seedlings in the first two 
days, while a control sample, after having been exposed in water 
to a pressure of 6 atmospheres, produced at once 80 per cent of 
seedlings. In the same way for O. suaveolens, the percentage was 
increased from 3 to 14 per cent, for O. muricata from 12 to 80 per 
cent, and for O. Cockerelli, a species which is often very slow in 
germinating, from 2 to 72 per cent. 

It is not improbable that in O. Lamarckiana the hard seeds 
may contain more mutants than the easily germinating ones, which 
have thus far been studied. It seems even possible that they may 
conceal some new, as yet unobserved, types of mutations. The 
new method enables us to bring almost all the germs to germination, 
as well as to separate the seedlings of the different groups. 

Before concluding, I may be allowed to recommend this method 
for the study of various other kinds of seeds also. 


Summary 


1. Ina culture of 8500 specimens of pure line Oenothera biennis 
L., 8 mut. nanella, 4 mut. semigigas, and 27 mut. sulfurea arose, 
giving the percentages of about 0.1 per cent, 0.05 per cent, and 
o.3 per cent. In cultures of O. Lamarckiana the corresponding 
numbers are for O. nanella 1-2 per cent, for O. semigigas 0. 3 per cent 
(Gruppenweise Artbildung. p. 329), while no color mutations have 
been observed as yet. With the origin of O. Lamarckiana the 
mutability for dwarfs, therefore, must have increased at least 
tenfold, and for gigas types about sixfold. The material cause 
for this improvement is in all probability the same as or closely 
connected with the cause of the largely increased number of 
mutative forms which are known to start from O. Lamarckiana. 

2. From the cross O. biennis mut. nanellaXO. biennis only 
dwarfs of a uniform type arose (108 Ex). O. biennisXO. biennis 
mut. nanella was in the first generation exactly like pure biennts; 
O. Lamarckiana XO. biennis mut. nanella exactly like O. Lamarckiana 
X biennis. 

O. biennis semigigas is self-sterile, but when pollinated by 
O. biennis gives for one-half pure biennis with 14 chromosomes, and 


for the other half a new, slender type with 15 chromosomes. 

















1915] DE VRIES—OENOTHERA BIENNIS 195 

O. biennis mut. sulfurea easily yields constant races of a uniform 
sulphur color. 

3. The question whether there is any causal relation between 
partial sterility of the sexual cells, hybridism, and mutability has 
to be studied in all those instances in which mutations are known 
to occur or to have occurred. In some of these cases, at least, the 
conditions are far more simple than for the evening primroses, as 
for example in Capsella Bursa-pastoris. 

4. The mutative condition of O. biennis may be ascribed to some 
‘“‘germinal disturbance’? of its hereditary qualities. Or, if we 
replace this vague and meaningless expression by a sharp hypothesis, 
we may assume as its cause the presence of one or more pangens 
in a labile position. The transition from biennis to Lamarckiana 
would then require the addition of one or more pangens in the 
same state, in order to explain the higher percentage of mutants 
and the larger number of their different forms. The presence of 
such labile pangens seems well proven by the results of numerous 
crosses. 


‘ 


The contention, however, that the transition of ‘ undisturbed 
germinal material into a state of disturbance,” or of one or more 
pangens from the stabile into the labile condition, may be induced 
by external influences in pure species, has not as yet found general 
acceptance. Some authors believe that crosses between different 
types are required to secure this effect. At this moment, it seems 
difficult to give experimental evidence for or against this view. 
Until this is reached, we must rely upon comparative studies in 
order to answer the main question whether or hot the observed 
mutations in the evening primroses are analogous to those by 
which the mutation theory explains the evolution of the animal 
and vegetable kingdoms. 

5. The mutants of O. Lamarckiana all agree with that species 
in certain characters, and not one of them shows any indication 
of a reversion toward any of the allied wild types. If the muta- 
bility was an effect of crossing, some marks, at least, of the other 
parent would be expected to reappear. 

Besides this consideration, the available evidence lies in the 
fact that the derivatives of O. Lamarckiana, originated in my 
garden, differ from one another in marks, which are, although not 
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identical, strictly analogous to those which differentiate the wild 
species of the whole group. In some cases the differences are even 
larger. Those between the wild species are often very small and 
limited to certain life periods, leaving the species quite alike during 
the remainder of their development. No arguments have as yet 
been adduced to doubt the fundamental identity of the two groups 
of characters. 

6. The phenomenon of mutability, observed in O. Lamarckiana, 
O. biennis, and allied forms, is therefore to be considered as a simple 
continuance of the supposed mutability which presided at the 
origin of the wild species of the evening primroses. 

7. The seeds of the evening primroses are often very slow in 
germinating, leaving sometimes one half or more of the healthy 
germs in a dormant condition. This difficuity in the study of 
mutation percentages, etc., may be overcome by pressing the 
water into them. A pressure of 6-8 atmospheres during 1-3 days 
is ordinarily sufficient to stimulate all or almost all the good germs 
to a rapid germination. 

The microscopic preparations and the counts of chromosomes, 
referred to in this article, have been made for me by my assistant 
Mr. C. VAN OVEREEM, to whom I wish to give my sincere thanks 
for his cooperation. 


\MSTERDAM, HOLLAND 




















GROWTH STUDIES IN FOREST TREES 
2. PINUS STROBUS L. 


H. P. BROWN 
Object and scope of the investigation 
(WITH PLATES XIII AND XIV AND TWO GRAPHS) 

The present paper is the second of a series presenting the 
results of studies of growth in forest trees.'. The investigations 
are planned with a twofold purpose, namely to clear up some dis- 
puted points regarding the formation of annual rings and to out- 
line the laws of growth in trees. The results of the studies of 
Pinus Strobus L. are presented in this paper. 

Pinus Strobus L. (white or Weymouth pine) was chosen for the 
second subject of investigation for several important reasons. 
First, it is a soft pine and differs from the hard pines, which include 
Pinus rigida Mill., both in external as well as internal anatomy. 
Further, it is more rapid in its growth than pitch pine, and inter- 
esting results were anticipated from a comparative study of the 
two trees. Finally, white pine is of recognized commercial impor- 
tance, and it is hoped that some of the conclusions will prove of 
interest and value to foresters. 

The specimens in the investigations, aside from the seedlings, 
were all in the wild state. The investigations were not limited 
to a few trees or to one locality. Specimens were examined in 
different woodlots, thereby providing variation in site, soil, and 
other silvicultural conditions. Seedlings from the nursery beds 
of the Department of Forestry, N.Y. State College of Agriculture, 
Cornell University, small trees from the same, as well as others in 
the wild state, and older trees which had passed the century mark 
and presented wide variation in crown development, were all sub- 
jected to examination. Fully 50 specimens were studied and from 
them comparative data were secured. It is hoped that the results 
thus obtained will prove of permanent value in formulating general 


The first paper appeared in Bor. Gaz. 54: 386-403. 1912, and included the inves 
tigations upon Pinus rigida Mill. 
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rules of growth for the species. Inasmuch as a description of all 
the trees used would be confusing, short silvicultural notes on each 
specimen will be given in the text where it seems necessary. 


Previous investigations of growth in forest trees 


Before entering upon a description of the methods employed in 
this work, a brief résumé of those of other investigators will perhaps 
add interest to the present study. 

Von MouL (25) sought to determine the growth of trees by 
making measurements of the circumference at a definite place on 
the bole. From these the radius was computed and the increase 
in thickness noted. CHRISTISON (5) pursued the same method and 
computed data for a large number of species, including both hard 
and soft woods. The data of Josr (13) were based in part on the 
methods given above and in part on measurements which he 
obtained by the use of a “‘ Fuhlhebel.’’? Any data secured through 
bark measurement are unreliable because of continual changes 
going on in the older parts of the secondary cortex and changes 
which bear no relation to the newly forming rings. As a result, 
only broad generalizations can be drawn from data based on such 
methods. 

T. HartTIG (12) sought to determine the growth of tree species 
in a different manner. Choosing even-aged, pure stands, where 
growth conditions appeared to be similar, he felled typical speci- 
mens from these at different periods and made comparative studies. 
He assumed that in such stands all individuals exhibited similar 
characteristics of growth, a view that is untenable in the light of 
our present knowledge. Hartic’s method is open to criticism 
in that it was extremely inaccurate and could therefore never give 
reliable results. Growth varies markedly not only in different 
individuals in a stand, but also in different parts of the ring at a 
given height. 

MISCHKE (24) took the first steps in the direction of securing 
accurate results. Using an increment borer, he studied the annual 
ring at different periods in its development and obtained in this 
way the first results which were in any way accurate. WHIELER (39) 


? For description see reference. 
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also followed this method and made many consecutive borings on 
coniferous and broad-leaved trees. His observations led him to 
infer that growth is very irregular not only as between different 
trees, but at different places in the same tree. The last named 
method, however, is subject to errors, and the results of WIELER 
show wherein it is inaccurate. When a boring is made with 
Pressler’s increment borer, it is impossible to avoid applying some 
pressure to the wood core which is to be removed. During rapid 
growth (fig. 4) the elements of the newly formed xylem are thin- 
walled and easily crushed and displaced by pressure, however 
slight. The partially formed ring when treated in this manner 
may easily show a wide variability in diameter and thus lead to 
grossly erroneous results. This appears in part to explain why 
WIELER inferred that in neighboring areas growth varies consider- 
ably. I have already pointed out (1) that slight differences occur 
in neighboring areas, and the present investigation leads to the 
same conclusion, but the marked discrepancies in growth which 
WITELER describes are not present in either of the pines which have 
been examined. 


Histological technique 


The methods pursued were in general those followed in rgto. 
The technique, however, has been improved as the time and place 
to secure the best material became more evident with increasing 
experience. The chief objection is that it is necessary to make 
rather large wounds on the trees. This objection is not so serious, 
however, in coniferous trees because the resin which exudes prevents 
quite efficiently the drying out of the tissues. 

The investigations on white pine began in August 1912, and 
continued until October 1913. Incisions were made on trees at 
intervals from base to crown (as high as it was safe to go in tall 
trees). Unless otherwise stated, these were always on the south 
side of the tree. A few cuttings were made on the north side for 
comparative purposes. Cuttings from branches at intervals were 
also made, and, unless stated otherwise, were lateral on the branch. 
Each cutting included all or a portion of the inner bark, the cam- 


bium, and all of the preceding year’s ring except toward the end 
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of the season, when the growth of the years had attained such 
thickness as to make this impracticable. Duplicate cuttings were 
made on several trees at intervals of time varying from a few days 
to several weeks. These were always near the former cuttings 
and lateral to them. Rarely were the duplicate cuttings more than 
a few inches from the original ones. One series began in August 
1912 and continued into September of the following year, cuttings 
being taken at least every month. 

The material, as soon as obtained, was properly labeled and 
fixed in Gilson’s fixer of the usual strength. Then after thorough 
washing it was run up through the lower grades of alcohol and 
stored in 65 per cent alcohol until wanted. The above corresponds 
to the methods used in rgro. 

From this point the procedure varied depending on the object 
in view. When it was desirable to know the extent to which growth 
had progressed, or the abundance of starchy material present, 
freehand sections were made with a sharp razor. These were dyed 
with temporary stains and then studied. The HCl-phloroglucin 
stain for lignin, followed by the permanent Haidenhain’s iron- 
hematoxylin stain for cellulose, gave excellent results. With 
this combination the extent of growth could be measured and esti- 
mated with accuracy. Chlor-zinc-iodide, as well as various com- 
binations of I-KI, were occasionally used. 

For minute examination of the tissues greater care was taken 
in manipulation. The material was demineralized with hydro- 
fluoric acid and imbedded in celloidin. Sections were obtained 
in this manner to-15y thin, which served the purposes of the 
investigation. Extensive and comparative histological studies 
were then made and the results tabulated. 

The method described above makes it possible to follow the 
progress of the growth. One obstacle which could not be over- 
come was the inaccessibility of all parts of standing trees. In 
order to check up the results obtained, several trees of different 
ages were felled during the growing season. Accurate stem analyses 
were made of these and the progress of growth was observed 


throughout the tree. These data were then compared with those 
obtained from standing trees. 
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Investigations on the roots of trees were attempted and gave 
some results worth noting. The roots were secured from young 
trees (about 30 years). Other root studies were made on seedlings 
from the nursery. A few cuttings were taken from the roots of 
old trees where they were exposed near the base of the bole. 


Microscopical characters of the xylem 

The xylem of white pine is so well known that it is unnecessary 
to describe it here. When contrasted with the wood of pitch 
pine, the xylem of white pine differs in a number of anatomical 
features. The upper and lower walls of the ray tracheids are 
smooth as compared with the dentate ones of Pinus rigida. 
Bordered pits occur on the tangential walls of the late wood, while 
they are lacking apparently in pitch pine. The transition between 
early and late wood is not so abrupt in white pine and the rings are 
generally wider. White pine is a more thrifty tree, and the present 
observations tend to show that it is more susceptible to changes 
of site, soil, etc., than pitch pine. This is exceedingly important 
from the economic standpoint. 

The roots of white pine exhibit the usual features of the roots 
of Abietineae. Diarch, triarch, and tetrarch roots are common. 
The root of seedlings is usually diarch (fig. 8), but the number of 
xylem rays is as a rule soon increased to three or four. Vigorous 
roots from thrifty trees between 15 and 30 years of age were pre- 
vailingly tetrarch, so that it would appear as if the number of 
xylem rays is correlated in some way with the amount of moisture 
available to the root and to the root environment, whether favorable 
or otherwise. VAN TIEGHEM (34) has noted this same variability 
in Pinus, Abies, and other allied genera, and further has pointed 
out that no constant relation prevails between the number of 
xylem rays and the number of cotyledons. Not only does the 
number of xylem rays vary in roots of different ages, but the 
number may increase or decrease during the growing season. This 
is strong evidence that environmental conditions influence within 


> Each xylem ray is terminated centrifugally by a resin canal, and the oli- 


garchy of young roots can in this way be easily determined in cross-section with 
the naked eye. 
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certain limits the number of xylem rays. In general the larger 
the diameter of a yearling root, the greater the number of rays up 
to four. A pentarch or hexarch arrangement was not observed 
in any case, although it may occur, since VAN TIEGHEM (op. cil. 
p. 7) reports the number as high as 7 in Scotch pine (P. silvestris). 

The xylem in old roots is comparable to that in the aerial parts 
of the tree, but differs in several well known particulars. The 
tracheids in roots have wider lumina and thinner walls and are 
never as well lignified as those in the parts above ground. This is 
especially well seen in cross-sections. In roots late wood formation 
is not as pronounced, owing no doubt to a decrease in mechanical 
strain in underground parts. The bordered pits on the tracheid 
walls, in both roots and stems, are mainly radially arranged. The 
uniseriate arrangement is here and there interrupted by the pairing 
of some pits. Further, the bordered pits in roots are larger than 
in the xylem of aerial parts. It is of interest to note in this connec- 
tion that wherever an old root becomes exposed it usually presents 
xylem typical of aerial parts, so that only underground parts 
exhibit the characteristics above described.‘ 


Winter condition of secondary cortex and cambium® 

The secondary cortex of white pine is very similar to that of 
pitch pine. It presents the same radial arrangement of the ele- 
ments, this arrangement becoming less regular as they are pushed 
to the outside (fig. 1). Companion cells are totally lacking, but 
one distinct row and a few scattered bast parenchyma cells are 
formed each year as in pitch pine, and these indicate the annual 
phloem areas in the old cortex. Occasionally the phloem pa- 
renchyma becomes crystallogenous, but never attains the size of 
that of pitch pine. The marked differences which exist between 
the bark of white pine and pitch pine are not present in the young 
phloem, but are caused by changes which take place subsequently 
in the outer cortex. 

4 Kyny (20) has pointed out the same structure in P. silvestris, and found that it 


was especially pronounced on the underside of large roots which had been exposed 
through erosion. 


5 The notes only include observations on the winter condition of aerial parts, as 
underground parts were not accessible at this time of the year. 
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The resting cambium as seen in cross-section consists of 2-10 
layers of tabular cells lying just outside the last formed xylem 
elements. SANro and other early anatomists considered the cam- 
bium as consisting of a single initial layer, which through repeated 
division gave off daughter cells centripetally and centrifugally. 
These divided a second time, and the resulting cells enlarged and 
became elements of the phloem or xylem. The initial layer, if 
present in white pine, cannot be distinguished as such. The cells 
in each layer of the merismatic tissue are similar to the others in 
size, form, and protoplasmic content. ‘The number of layers of 
cells in the cambium apparently varies between rather wide limits. 
Such variability might lead one to think that the work was not 
accurately done. The figures given above are as exact as the 
material permitted. The cambium is a very variable tissue both 
in number of cell layers and thickness of the same. Data indicating 
this (table A) were computed from measurements on tree I, a 
description of which follows. 

Tree I was a thrifty specimen of white pine standing near the 
edge of a mixed stand on the brow of an incline which sloped north- 
ward into Six Mile Creek valley. The height of the tree was 55 
feet, and crown development extended to within 18 feet of the 
ground. The tree was directly exposed to the south. Ground 
cover included sparse brush and pronounced sod formation. Cut- 
tings were first made on this tree in August 1912, at heights of 4, 
17, 30, and 43 feet from the ground, and were repeated at frequent 
intervals until September 1913, as recorded in the tables. Twig 
cuttings from near the top of the crown were also taken from time 
to time. The data in the table are from the cuttings of February 
20, 1913. 

TABLE A 


WINTER CONDITION OF CAMBIUM, TREE I 


Cutting Thickness of cambium Cell rows in cambium nes a a 
2 vear twig : 5- OK 2- 4 691.0% 
6 vear twig : 3- 9 2- 4 661.0 
12 ft. from apex. 29-31 6- 7 3307.0 
25 it. irom apex 32-40 = @¢@ 4297.0 
35 it. from apex... 20-35 7-10 3013.8 


51 ft. from apex. . 29-35 7- 9 2894.0 











204 BOTANICAL GAZETTE [MARCH 


It follows from the table that in white pine trees which are 
growing rapidly, the cambium is smallest both in number of cells 
and thickness in the smaller twigs and branches. It increases 
gradually in thickness and number of cell layers until that point 
is reached in the bole where diameter growth is a maximum. The 
decrease in the figures indicating the dimensions of the cambium 
are not proportional thereafter with the decrease in growth in 
diameter. It would appear as if the cambial layer, once it had 
attained its largest proportions, varied little in vigorous trees. 
In suppressed trees, however, it may reasonably be assumed that 
the cambial layers fall off in number and thickness toward the base 
of the shaft, but in such cases the reduction is not closely correlated 
with decrease in the width of the completed annual ring. 

Another point relating to the cambial and phloem tissues 
deserves description here. I refer to the statement commonly 
made in textbooks that while the formation of xylem ceases early, 
the cambium continues to form phloem as long as climatic condi- 
tions are favorable. It is of interest to note in this connection the 
condition of the young phloem and cambium on September 26, 
1912, and February 22, 1913. In all four cuttings of the first 
named date we find the condition as shown in fig. 7. Xylem forma- 
tion had apparently ceased, the cell walls in the last row of tracheids 
were still in the process of thickening, but no new elements were 
being added. In the phloem we find a broad band of sieve tubes 
with a few parenchyma cells interspersed among them, making up 
in all some 15 rows of cells. This represents, with the possible 
addition of two or three rows of partly crushed elements to the 
outside, the seasonal growth of phloem. It is to be noted here 
that none or very little compression had occurred. 

Comparing the above with what occurred on February 20, 1913 
(figs. 2 and 3), the following interesting changes are to be found. 
Contraction had taken place, due to low temperatures during the 


winter, but not all of the sieve tubes are flattened to the same 
extent. In each of the four cuttings of February 22, the 3~5 last 
formed sieve tubes are only partially distorted by pressure, and 
those in the higher cutting (fig. 2) noticeably more so than in the 
lower cutting (fig. 3). In the last case there is a sharp dividing 
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line between the compressed sieve tubes and those which exhibit 
no compression. Further, as will be shown subsequently, the 
latter are the first sieve tubes to function the following spring. 
We may say that in white pine phloem development continues 
longer than xylem development. It only ceases with the extreme 
cold temperatures of December and January, and the tree makes 
no special provision for cessation of growth as in the xylem. Sieve 
tubes in all stages of arrested development may be found during 
the dormant period. 


General discussion of tree growth 


Growth as it occurs in trees falls logically into two subdivisions: 
growth in length and growth in thickness. In the first category we 
have only primary growth. It does not matter whether elongation 
is going on in root, stem, or leaf, it always has its inception in a 
growing point, and all tissues resulting from cell divisions in this 
apical meristem are primary tissues. Growth in thickness, on the 
other hand, results mainly from secondary thickening which is 
brought about through the activities of a perennial cambium. 
Tissues arising in this way are distinguished as secondary tissues in 
contrast to primary tissues. 

The primary tissues, with the exception of the primary cortex, 
usually soon attain their full size in both coniferous and dicoty- 
ledonous trees, and in the majority of woody plants we may 
regard them, with the one exception mentioned, as mature at 
the end of the first growing season.° Se »ondary growth, however, 
commonly begins the first year, and as a result the processes of 
primary and secondary thickening overlap, and both often go on 
at the same time in closely neighboring parts of the tree. Second- 
ary thickening may thus occasion alterations before all the primary 
tissues have reached the adult state. It is entirely conceivable, 
for example, that both categories of growth go on simultaneously 
in the terminal shoot of a pine or in a young root. In this connec- 
tion URSPRUNG (35) reports in certain cases the subsequent enlarge- 
ment of the pith after secondary thickening had begun, so without 


* It is only in woody monocotyledons and tree ferns that primary growth persists 
for any length of time. 
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doubt these two processes overlap. For the sake of clearness in 
the subsequent discussion, however, growth in length will be con- 
sidered in the general sense of primary growth, growth in thickness 
as secondary growth. 


Awakening of secondary growth in aerial parts’ 

The awakening of secondary growth in aerial parts is first 
manifested in the cambium and the adjacent phloem tissue. It 
is evident in all cases several weeks before actual cell division begins. 
The cambial cells and last formed sieve tubes (6-10) open out 
radially, so that they attain several times their former diameter. 
Reference to the following table will show the changes which 
occurred between February 22, 1913 and March 29, 1913, in the 
width of cambium and last formed phloem. 


TABLE B 


GROWTH WITHOUT CELL DIVISION, TREE I 


—o February 22, | March 29, Se eee April 12, Per cent 
Cutting 1913 1913 Per cent increase 1913 increase 
I ; ; 69.0K | Ol.5é 32.6 O13.3é 49.7 
BES ican 8Q.1 110.6 24.0 182.9 105.3 
IMI casas rt sd 94.1 140.7 70.0 180.4 81.0 
IV. 103.3 c7iit 56.0 188.5 $2.0 


In all cases, enlargement of the tissues in question occurred 
between the first two dates, and amounted from over a quarter to 
nearly three-quarters of their original size. The place of greatest 
enlargement was in cutting III, 17 feet from the ground. This 
does not correspond with the place of greatest ring thickening (table 
A) the previous year. Whether any significance can be attached 
to this discrepancy cannot be decided with certainty. It seems 
reasonable, however, to ascribe it to heightened temperature from 
the rise of soil water in the xylem.* It would be natural to assume 

7 No observations have been made on secondary growth in the leaves. MEISSNER 
21) has observed a marked increase in the number of phloem elements and a very 
slight increase in the xylem elements in a number of species of Pinus. 


8 Rost. HarTIG (11, p. 262) made note of the temperature of soil water as a 


factor potent in forwarding growth. 

















1915] BROW N—PINUS STROBUS 207 


that the greatest increase would be in cutting II. However, as 
this was 30 feet above the ground, it is quite possible that the tissues 
there had not yet experienced the increase in temperature due to 
the rise of soil water in the trunk. 

The present investigation gives no reliable data as to where the 
first phloem activity was manifest. It had occurred throughout 
the tree on March 29, 1913. The awakening of growth began in 
this one specimen before the first of April and was not accompanied 
by cell division. Soil water was apparently largely instrumental 
in its inception. 

If we refer again to table B for the data for April 12, 1913, 
two weeks later, we may draw the following interesting conclusions. 
The greatest diameter increase at this time is in cutting II, where 
it has been over too per cent. In other words, the ascending soil 
water may have reached the point of greatest growth (because the 
previous year’s ring was widest here) and caused a rapid expansion 
of the tissues. In cuttings III and IV we find an apparent reversal 
of the foregoing conditions. Cutting III has increased only 11 per 
cent during the same period, while in cutting IV we find the increase 
has been 26 percent. This may be ascribed to two causes, either one 
or both of which may be responsible. While the increased tempera- 
tures may have prevailed longer in IV than in III, the amount of 
reserve food material available was not as great. As a result, 
growth in cutting IV may have been retarded more than it was in 
cutting III; or cell division may have occurred in some of the cut- 
tings and upset the equilibrium. Careful counts were made to 
find the number of cells in the cambium and last formed phloem 
in all four cuttings of March 29 and April 12. While slight differ- 
ences occurred, these were not such as to warrant the conclusion 
that cell division had taken place between the two dates. The 
changes which occurred between March 29 and April 12 were 
due solely to enlargement of cells already present. We must 
infer then that the apparent contradictions of the figures in table B 
are due to differences of available food in different parts of the tree. 


Cell division had begun in tree I by April 26. At this time the 
activity was manifest in cutting I (table C). Here some 8-12 


tracheids and 2 or 3 new sieve tubes were already formed. Wall 








ae, 
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thickening had not begun in the new tracheids, but was noticeable 
in the first of the new sieve tubes. Cutting II exhibited only 
slight evidences of cell division, while in cutting III growth was 
well started. No division had yet occurred in cutting IV. Growth 
had been very rapid in cuttings I and III, as evinced by the absence 
of thickening of the cell wall. This may be accounted for in part 
by the high temperatures which prevailed between April 22 and 26. 
During that period the mean daily temperatures ranged from 52° 
to 7o° F. Precipitation amounted to only 0.03 inch, but large 
amounts of ground water were available at that season. 


TABLE C 


BEGINNING OF GROWTH BY CELL DIVISION, TREE I, APRIL 26, 1913 


Number of 


“utting Growth Wall thickening New sieve tubes 


tracheids 
[ sdpoal Present 8-12 None 2-3 
(] Indication o- 1 None o-I 
i . Present 0- 9 None 1-2( ? 
Pea pohcndun ie see's None fe) None ° 


To explain plausibly the conditions in cutting II, the point of 
greatest growth the preceding season (table H), is not an easy 
task. Every indication seems to show that we might expect most 
rapid growth at this point. We can conclude only that the 
restricted growth here denotes one of the many idiosyncrasies 
of tree growth, where, as pointed out by WIELER (38), marked 
differences may occur in closely neighboring spots. It is to be 
expected that growth would not be manifest in cutting IV at this 
early date, so we may conclude that in tree I cell division was in 
evidence on April 26 in the upper portion of the bole but had not 
yet begun at the base. 

In order to check the results on tree I, four bole cuttings, 
including the terminal leader and four branch cuttings, were made 
on a neighboring tree on May 4, 1913, eight days later. Tree II 


stood about 1o feet from tree I, and was apparently of the same 
age and subject to the same silvicultural conditions. The extent 
of growth and lignification in this individual is given in table D. 
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It follows from table D that on May 4 cell division was going 
on in all parts of the bole on the south side of the tree, with the 
exception of the terminal leader. It was farthest advanced in 
cuttings II and III, as might be expected, because the last formed 
annual ring was thicker here than in the basal cutting. 

TABLE D 


I;XTENT OF GROWTH IN TREE IT, MAY 4, 1913 


Cutting Number of Amount of 


tracheids lignification Remarks 
I. Terminal leader, 1 year’s 
growth...... None None Phloem active; no cell 
division 
I. Same, 2 years’ growth I- 2 None Same as above 
Il. 44 feet above ground . 12-15 1~3 tracheids New phloem elements. 


cell division 
1-2 tracheids' Same as above 
None Same as above 


III. 33 feet above ground . 12-1 
IV. 5 feet above ground 10-1 


mu 


The branch cuttings were made on a branch which ran out 
some 20 feet in a southeasterly direction at a distance of 13 feet 
above the ground. Five cuttings were taken at intervals of about 
4 feet. In cutting I (beginning from the tip) no tracheid formation 
was evident. In cuttings II and III tracheid formation was in 
progress, while in IV and V (basal) enlargement of the tissues had 
occurred, but no cell division. Cell division in the branches was 
similar to that in the bole, but more sluggish. It begins back of 
the branch leader and is most tardy in the base and leader of the 
branch. Which of the last is the first to exhibit growth depends 
on the length and vigor of the branch. 

Numerous other observations were made on trees of different 
ages and different localities. It was found that cell division may be 
in progress some time in the upper portions of a tree while it is 
totally lacking below. This applies especially in old mature trees 
in closed stands, where growth is proceeding very slowly. Further, 
in general cell division first begins on the south side of the tree and 
in the basal portions. This peculiarity, due apparently to insola- 
tion, has also been observed in some cases in pitch pine (1). 


It was noted in reviewing the literature on tree growth, that 


some (14) have attempted to correlate growth awakening with 
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the opening of the buds and the formation of new leaves. With 
this point in view, measurements were made on a young white 
pine stand of natural origin on May 3, 1913. The trees varied 
in age from 4 to 11 years and were in a thrifty, vigorous condition. 
On this date the buds were found to have opened and the young 
stems to have elongated 0.5-2.5 inches. All the growth in length 
had occurred in the preceding 1o days. Neighboring trees which 
were older showed less pronounced elongation of young parts; 
but growth had been in evidence in older, less favored trees since 
March 29, 1913, and cell division at least since April 20 of the same 
year. It follows, therefore, that growth in thickness begins before 
growth in length, and apparently, at the start at least, at the cost 
of reserve food material. No correlation exists between the two 
in white pine. 

Concerning the time of cambial awakening, the researches 
of others bear out the conclusions of this paper. Some of CHriIs- 
rISON’S (5) are given in table E. It should be noted, however, that 
CHRISTISON’S results were obtained from bark measurements and 
do not necessarily indicate xylem formation. 


TABLE FE 


GROWTH AWAKENING IN CONIFEROUS SPECIES, EDINBURGH, SCOTLAND 


No. of tree Name Year Awakening of growth 
8 Abies Lowiana 1890 April 6 
Q2 : . Abies Lowiana 1888 April 16-30 
66 Abies Douglasii 1890 April 20 
6 .. Abies Douglasii 1888 April 16-30 
QI ; Abies 1890 April 13 
2 Pinus excelsa 1890 April 6 
26 .. Pinus Pinaster 1890 May 3 
Rs 's.34 : Cedrus africana 1888 April 16-30 


MISCHKE (24) also made observations on this point, but did 
not include white pine among the species investigated. WHIELER 
(39), however, examined three white pines in his experiments of 
1894. Two of these were from a closed 40 year old stand, the third 
a 15 year old tree from another stand, all near Dresden, Germany. 
Growth was in evidence in the younger specimen to the extent of 


13 or 14 tracheids on April 24. No growth occurred at the base of 
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the others until after the first of May, but growth must have been 
in evidence in the higher portions of the tree before that date. In 
the latitude of Dresden growth apparently starts fully as early as 
at Ithaca. 


Intensity of growth in aerial parts 


As already noted, growth continues some time before cell 
division occurs. It is first manifest through the enlargement of 
tissues already formed during the previous year. When cell 
division begins, it proceeds at first very rapidly, and in such a 
way that more elements are added to the inside of the cambium 
than to the outside. This was plainly observed in the sections and 
included in the data in table C. There 8-12 tracheids have been 
formed, as compared with 2 or 3 new sieve tubes. The cells thrown 
off to the outside gradually become transformed into sieve tubes, 
or more rarely into phloem parenchyma cells. This is accomplished 
in the first case through a thickening of the cell wall and the forma- 
tion of lateral sieve plates. The phloem parenchyma cells thicken 
their walls very little at first, but enlarge for several seasons and 
eventually attain a much larger size than the sieve tubes. In the 
outer bark their walls are often strongly lignified. 

Evidence of the rapidity of xylem formation is readily obtain- 
able in early May. It is not uncommon to find 1ro-15 tracheids 
fully formed (fig. 5) without any indication of thickening of the 
wall. Subsequently the thickening begins, and before it has 
progressed to any extent lignification is evident in the cell walls, 
as brought out by the phloroglucin-HCl reaction. Wall thicken- 
ing and lignification never start, however, until tracheids have 
attained their maximum dimensions as seen in cross-section. 

The rapidity of vernal growth in white pine is apparently 
contingent on three factors: (a) the amount of reserve food material, 
(b) moisture, and (c) temperature. The first is always at its 
optimum in the spring, as the abundance of starch in the storage 
tissues testifies. Moisture likewise, at this time of the year, is 
available long before the buds begin to open. GorF (8) has pointed 
out the early resumption of growth in the roots of coniferous plants, 


and observations on white pine coincide with his results. The 
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first two factors, therefore, may be eliminated from the discussion 
because both are at an optimum in the spring. 

The temperature of the cambial layer depends, on the other 
hand, on three factors: (a) temperature of the air, (b) temperature 
of the soil water, and (c) direct insolation. Which of the three is 
most potent in the awakening and rapidity of cell division has not 
been determined, because they are so closely related to each other. 
It would appear that the temperature of the soil water plays a 
prominent part in the awakening of growth because of the opening 
out of the phloem first near the base of the tree. Factors (a) and 
(c) would be entirely negligible here, or at least play a minor part 
because of the thick layers of bark. Growth in the spring begins 
before factors (a) and (c) could have reached any appreciable 
height, so that the heat derived from soil water is certainly potential 
in awakening growth. 

It is quite impossible to separate factors (a) and (c) and to note 
their effect in all trees. However, cuttings secured from the north 
and south sides of isolated trees at the same height often afford 
ample evidence of the effect of insolation.? Data were secured to 
bear out the foregoing statement as early as May to, 1913. The 
tree examined was a “ Wolf” white pine on the south side of Fall 
Creek beyond Forest Home, N.Y., a suburb of Ithaca. The speci- 
men was 51 feet high, with a diameter breast height of 15.3 inches, 
and exhibited vigorous growth in spite of the poor soil conditions. 
At the date mentioned, tracheid formation had proceeded on the 
south side to the extent of 12-14 tracheids, while on the north side 
9 or 10 tracheids had been formed. Lignification had not as yet set 
in, although all but the last 3 or 4 tracheids formed had apparently 
attained their ultimate size. That direct insolation is potent in 
the awakening of growth in trees is certain. However, one indi- 
vidual will present occasionally conditions the reverse of what 
would be expected. 

It follows from the preceding paragraph that the awakening 
and the rapidity of growth depends on three factors, two of which 
are at an optimum in the spring and may therefore be neglected. 


® Trees should be selected only from sites which are level, as trees growing on 


slopes are subjected to other factors which often overshadow the effect of insolation. 
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The third (temperature) is a variable one, and to this the rapidity 
of cell division is apparently directly proportional. Some idea 
of the rapidity with which the formation of tracheids may go on 
may be drawn from the following. Basal cuttings were taken 
from the south side of the “Wolf” tree already described on May 3 
and May 10, 1913. The first cutting showed no evidence of 
formation of tracheids, while the other, taken a week later, exhibited 
7 tracheids in each row, complete as to size, with several smaller 
ones in process of formation. The growth in places farther up the 
stem must have been going on still more rapidly. While the 
period mentioned above was warm and humid and therefore espe- 
cially conducive to rapid growth, it may be safely assumed that in 
all white pine trees in the vicinity of Ithaca formation of tracheids 
is very rapid at the start. A large number may be formed in a 
relatively short time. 


Intensity of growth in aerial parts 


In the discussion which follows, the distinction between inten- 
sity of growth and amount of growth must be kept clearly in mind. 
The latter may be easily ascertained for the whole growing season 
or for any part thereof by measuring at a given period the amount 
of new tissue. Growth intensity, on the other hand, is constantly 
changing. It may vary from week to week, day to day, and even 
within one and the same day, as FRIEDRICH has pointed out (7). 
The amount of growth during a given period is then the sum of the 
prevailing growth intensities multiplied by the time each was in 
force. Let us take a specific example. Suppose a white pine 
first begins the formation of new xylem on May 1, and, on May 30, 
60 new tracheids were in evidence in each tracheid row. It does 
not follow that 20 tracheids were formed the first 10 days, and 20 
during each succeeding 10 days, making a total of 60. While 
the average growth intensity was two tracheids per day, the actual 
growth intensity may have vacillated on either side of this amount. 
It is obvious that it is quite impossible through comparative studies 
to obtain the prevailing growth intensity at a certain definite time. 
In order to do this the growth process would have to be actually 


observed. Some idea of the variability in growth intensity may be 
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gained, however, by comparing the average growth intensities for 
different periods in the growing season. It follows that the shorter 
the intervening time periods, the greater would be the vacillations 
in the data. With this idea in view table F was constructed. 
[t includes figures of growth intensity from tree I during the summer 
of 1913. The width in microns of the new growth is given for 6 
different periods, together with the total increase from period to 
period and the average gain per day. The last will give, not the 
actual, but the average intensity of growth of the period just 
preceding. 

If the data of April 26 and May 12 are compared, the following 
points are to be observed. The average growth intensity was 
greatest in cutting II, with cuttings I, III, and IV following in the 
order named. On June 12, 31 days later, cutting IV exhibited the 
greatest average growth intensity, with cuttings III, I, and II 
following in the order named. Again, in the cuttings of August 18 
and September 19, different combinations occur. At the first 
named date, growth was more rapid in cutting II, while at the 
latter date it was in cutting IV. 


TABLE F 


GROWTH AMOUNT AND INTENSITY, TREE I; SEASON IQ13 


No Amount No. of Gita Gain Amount No. of Gein Gain 
ee 4-26-13 days * per day 5-12-13 days ‘ per day 
I 170.0" 710.36 16 540.3) 34.16 
2: 20.0 ‘ : : , 609.0 10 553.0 30.5 
3 106.7 ; 472.4 10 305.7 22.9 
} 0.0 : 243.8 16 243.8 15.2 
S-t2—"k I 
I 1164.2m¢ 31 447.9K 14.4) 2170.04 21 1o1r.Sm@ 48.2b 
2 1021.1 31 411.5 13.3 | 1224.0 21 202.9 9.7 
3 1414.3 31 941.9 30.4 | 2067.2 21 652.9 31.9 
4 1251.2 31 1007.4 395 | | 2386.2 21 
8=13-"13 9-19-13 
I , 2170.0M 41 O.0M 0.0) 2170.0 37 0.0K 0.04 
2 ..| 3100.8 41 1870.8 47-5 | 3394.6 37 293.8 7-94 
ae 2448.0 41 380.8 9-3 | 2339.2 37 A oe 
Aiiicce cl 2007.2 41 $45.0 20.7 | 2502.4 a3 435.2 11.8 
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The results given in table F are represented in graph 1. The 
abscissas indicate the daily gain and the ordinates the time inter- 
vening in 10 day periods. From the way in which the lines cross 
and recross, it is evident that average growth intensity and the 
actual amount of growth which is correlated with it vary between 
wide limits during different periods. The cambium may be very 
active for a time, then slacken in its growth, this to be followed 
again by renewed activity, with a final slump toward the end of 





0 4 8 12 , 16 20 
Daily gain; one space= } 


GrApu 1t.—Curves of growth intensity, tree I, 1913 


the growing season. All the cuttings represent these two fluctua- 
tions except cutting III, and this departure may be accounted for 
through the inequalities of growth in closely neighboring parts. 
Two periodic optimums of growth intensity have already been 
noted by others. FRIEDRICH (7) made observations with the 
help of calipers, and found that in both coniferous and hardwood 
trees there were two periods of growth, one lasting until the end 
of May, then sinking some until the middle of June, followed later 
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by another maximum again in July, and then rapidly diminishing 
and ceasing altogether. Jost (13) has carried on observations 
which substantiate those of FrrepricH. It is remarkable how well 
the deductions of these two investigations are brought out in 
graph 1. 

The first optimum is without doubt made at the expense of the 
reserve food supply. It is not until June and even later that the 
bulk of the seasonal results of metabolism in the leaves is avail- 
able. This causes the second optimum, which may occur in July 
or August. It might be said in this connection that the amount 
of moisture and the prevailing temperature has been responsible 
for the results in table G. The meteorological data which follow 


TABLE G 


METEOROLOGICAL DATA, SEASON 1913 








Mean tem- | Precip. in Mean tem- | Precip. in 
Month perature | o.o1 in. Month perature 0.01 in 
POG 6 Ss sas 48.1 1.49 July.. 70.4 1.59 
May 55-4 g735 August...... 69.6 | I.Q2 
June. 65.0 2.00 September... . 61.0 | 3.28 


are the best refutation of that argument. The decline occurred 
in three cuttings between the middle of May and the third of 
July, yet the temperatures prevailing were not such as to warrant 
this, nor was there a noticeable decline in the precipitation. My 
observations agree with those of FrrepRICH, that there are in white 
pine at least two periods of maximum growth. 


Irregularity of secondary growth in aerial parts 


A thorough treatment of the increase in growth in trees must 
necessarily be very comprehensive. The study in all its phases 
is a comparative one, for only by resorting to comparison can any 
fundamental rules of tree growth be formulated. A comprehensive 
study should therefore treat comparatively of the growth of (a) one 
individual during one growing season, (b) of one individual from 


season to season, (c) of different individuals in the same stand during 
one season, and finally (d) of different individuals not in the same 
stand. Data bearing on the first, second, and last phases of the 
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subject are available. For the third the reader is referred to the 
publications of WIELER (37-39), Jost (13-15), R. AND T. HArRTIG 
(9-12), MISCHKE (24), and others. 

The amount of seasonal growth in an individual or of growth 
up to a given point in the season is equal to the sum of the products 
of the different prevailing growth intensities by the time each was 
in operation. It follows that these summations would be quite 
different in different parts of the tree. The only reliable method 
to indicate the amount of seasonal growth at a given point and at 
a given time is as a percentage of the previous year’s ring. Even 
this is open to criticism, in that the annual increment often varies 
between wide limits from year to year. Yet general deductions may 
be drawn from data of this kind which will indicate to some extent 
at least the amount of growth at definite times. Table H was made 
with this idea in view. The figures were obtained from tree I. 
The width of the previous year’s ring represents the average of the 
last formed rings as exhibited in the 6 different cuttings.’® 


TABLE H 

\MOUNT OF GROWTH IN PERCENTAGE OF PREVIOUS YEAR'S RING, TREE I 

; ; ‘ el ; ; Average width 

oO 2¢ 3 5-12 3 | 6-12 3 7-3 3 3 3 -"13 7 : 

No. 4-26-13 §-12-"! I I 7-37-13 8-13-13 Q-I9-'I preceding ring 
I 3.8 16.0 20.0 | 48.7 4471.76 
il 0.7 17.2 28.9 34.6 87.7 96.0 gn36:3 
1 4.8 18.0 50.2 | 78.9 03-5 89.3 2619.4 
I\ 0.0 11.8 60.4 58.8 99.7 2071.7 


On April 26 the greatest proportion of new growth occurred 
in cutting III, with cuttings I, II, and IV following in the order 
named. On May 12 the order remained the same except that 
cuttings I and II had interchanged. On June 12 the ring was, 
theoretically at least, from one-fourth to over one-half complete; 
on July 3 from one-third to over two-thirds complete; while on 
August 13 seasonal growth was over four-fifths complete in all 

; 


cases." After the last named date, the growth was very sluggish 


© The last acts as a control and tends to eliminate error. 


't Growth ceased in cutting I after July 3, 1913; see table F. 
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for the next 37 days. Though still in evidence at the end of that 
time, we may infer that the ring was to all purposes complete. 
The contents of table H are presented in graph 2, where the 
abscissas represent the diameter increase of new growth and the 
ordinates 8 day periods. It is to be seen from both the table and 
the curves that in the long run the cambium in all parts of the tree 
tends to even up irregularities which arise from different growth 
intensities. If growth is sluggish at one place in the bole and rapid 


=) 





S 
A 


8 /2 /6 20 


One space=8 days 


GRAPH 2.—Curves of growth amount, tree I, 1913 


in another during a given period, the pendulum of growth intensity 
swings to the other extreme in the next period and evens up the 
disparity. 

The irregularities of growth are manifested not only in the 
actual dimensions of the new formed tissues, but in the number of 
new xylem elements as well. If careful average counts of new 
formed tracheids are made, and these compared with the average 
number of tracheids at that point in the preceding ring, irregularities 
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crop out all along the bole of the tree. The data given in table I 
illustrate this very well. They were computed from tree III on 
June 17, 1913. This tree was a vigorous specimen on the north 
end of a small island in Fall Creek, east of Forest Home. The 
height was 81 feet, the diameter breast height 21.5 inches," and 
the age about 80 years. Exposure was to the southeast. Crown 
development was good but one-sided, and greatest to the southeast. 
Root development was also uneven, but the reverse of crown 
development, because the constant washing of the water and the 
mechanical action of ice had destroyed the root system on the east 


side. The tree was felled on June 17, 1913, and a double series of 
TABLE I 


EXTENT OF GROWTH IN TREE Il, JUNE 17, 1913 


/ 


N.W.. SIDE S.E. SIDE 
CUTTING ; ; PERCENTAGI 5 PERCENTAGE 
Tracheids in | Tracheids in Tracheids in Tracheids in 
old ring new ring old ring new ring 
I. 55-05 20-25 0.38 55-65 20-25 0.38 
I 32-34 15-18 0.52 30-35 15-17 0.48 
Ill 22-24 Q-11 0.43 30 18-20 0.63 
I\ 23-25 10-12 0.40 22 17 0.77 
\ 160-18 6- 8 o.41 1Q-21 13-15 0.70 
VI 16-18 6- 7 0.35 23-25 14-15 0.63 
VIl.. 15-16 7-10 0.60 12-14 g-10 0.609 
VIII 12-14 I- 9 0.061 Q-12 6- 8 0.64 
IX 12-14 5- 7 0.46 12-14 7- 9 0.62 


g cuttings taken at intervals of ro feet, one on the northwest side 
and one on the southeast side (exposed). Careful average counts 
were then made of the number of new formed tracheids, as well as 
those in the preceding ring at each point. On June 17, 1913, growth 
was more advanced in every cutting on the southeast side, the first 
two cuttings excepted, than on the northwest side. This was to 
be expected, because of direct insolation and larger crown to the 
southeast. But in both series of cuttings marked vacillations in 
growth are evident, so that it follows that growth irregularities 
express themselves not only in a variability in thickness of tissue, 
but also in the number of elements laid down. 


2 Exceptionally high because of the buttressed base. 
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Growth irregularities in individuals have been noted by others, 
although their results are in some cases to be questioned because 
they were based on external measurements alone. Such are those 
of CHRISTISON (5), VON Mout (25), and Jost (13), reference to 
whose work has already been made. The results of TH. HARTIG 
(12) and Rost. Hartic (10) can have no significance in this con- 
nection, inasmuch as individuals were felled to secure data and 
consecutive measurements were quite impossible. MISCHKE (24), 
as already noted, employed an increment borer, and his results, 
with those of WIELER (39) who pursued the same method, are more 
reliable though not as accurate as is desirable. The former made 
comparative notes on Norway spruce and Scotch pine, and his 
results clearly indicate growth fluctuations. WIELER subjected 


TABLE J 


GROWTH OF WHITE PINE AT DRESDEN, GERMANY 


I II [il 
Date 1894 
Ring breadth No. of Ring breadth No. of Ring breadth No. of 
mm. tracheids mm. tracheids mm. tracheids 
\pril 24 0.48 13-14 
May 5 sialid is oie Sanaiel am lapis 1.12 26 
May 16 0.08 3-4 ©.14 8-10 2.34 47 
May 26 Lost Several secs 2.00 47-50 
June 5 0.11 3- 4 | 0.18-0.20 4-6 4.12 89 
June 160 0.06 2-4 O.12 6-9 25s 73 
June 26 0.15 6- 8 0.16 6-8 2.74 73 
July " 0.19 8- 9 °.40 15 5.61 113 
July 17 0.45 1§-17 0.47 13-10 6.07 150 
July 28 0.23 8-11 0.53 20-23 O23) 175 
August 7 0.42 17-18 O.32 15 0.25 I50 
\ugust 18 0.34 12-18 0.31 I4 5.68 135 
August 28 |}. he 15-20 ©.30 13-15 Sos 11g 
September 8 0.26 11-13 0.55 23 9.32 218 
October 17 0.38 13-19 0.38 16 
November 1 ©. 26 11-13 ©.49 20-22 9.26 212 


more trees to the same inquiry, and his investigations are of greater 
interest because he worked on white pine. Table J indicates his 
results on the three different specimens mentioned previously, and 


in each case fluctuations in growth are marked. The work of 
BUCKHOUT (2) serves to accentuate the same point. He made bark 
measurements on a white pine and a larch which extended over a 
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period of 4 years. The results were plotted in curves where the 
abscissas represented 5 day periods and the ordinates increase 
in circumference in sixteenths of an inch. In each of the four 
curves for white pine, from several to many growth fluctuations are 
evident. Still other researches could be cited to emphasize the 
same point. Many irregularities in growth occur during the season 
of cambial activity. 

Comparative growth studies between different individuals of 
white pine (not in the same stand) were also carried on during the 
summer of 1913. In such investigations only temporary mounts 
were made and the necessary data secured from these. A few 
extracts from this part of the work follow. 

On May to two cuttings were made at the base of the “ Wolf” 
tree previously described, one on the north side and one on the 
south side. The first exhibited about 1o tracheids (7 complete) as 
to size on this date, while 12-14 tracheids were in evidence on the 
south side. On May g two cuttings were secured from a large 
white pine which presented different conditions of site, although 
in the same vicinity. This was a mature specimen some 110 feet 
high and 22 inches diameter breast height. It stood in a mixed 
hardwood stand where the land sloped sharply to the south. 
Ground cover was sparse. The tree, while mature, appeared to be 
still in vigorous growth. The north cutting (next to the bank) 
exhibited 2 tracheids, neither complete as to size; while in the 
south cutting no new tracheids were to be seen. Without doubt 
growth was going on vigorously in the upper part of the tree at 
this date. Observations on the same tree at a later date showed 
similar discrepancies. On June 13 the south basal cutting of the 
“Wolf” tree showed 20-25 tracheids already formed; 15 or 16 of 
these had apparently attained their ultimate size. The same 
cutting from the older specimen at that date possessed 11-13 new 
tracheids, 7-9 of which had attained approximately their maximum 
size. The amount of growth was decidedly less in the older 
individual. 

Even wider discrepancies may be expected than the above 
where the differences in age are greater. For example, a young 


tree was examined on the same date (June 13). This was a thrifty 
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14 year old individual situated in the midst of the stand and only 
a few feet from the “Wolf” tree. In fact, the “Wolf” tree may 
have been one of the seed trees from which the stand had arisen. 
The cutting was made at approximately breast height, and already 
on June 13 the annual ring exhibited some go new tracheids. 
Three weeks later summer wood formation began. It follows that 
up to July 1, at least, we may expect many discrepancies in growth 
to occur. The greater the difference in vigor between the two 
trees compared, the greater will be the difference in the amount of 
growth at that period. 

Others have noted the same growth irregularities between 
different individuals of the same species. Among these is Rost. 
HARTIG (10), who expresses himself emphatically on this point. 
I quote from his text as follows: 

Bei freiem Stande und directer Insolation des Baumes, besonders aber 
des unbedeckten Bodens beginnt der Zuwachs in den unteren Stammtheilen 
weit friiher, als im geschlossenen Bestande und bei einem Boden, der entweder 
beschattet (Nadelholzstand) oder von einer dichten Humusdecke bekleidet ist. 


An 100 jaihrigen Fichten, welche isolirt an einem Siidhange standen, war schon 
am 1. Mai auf Brusthéhe der Dickenzuwachs in Thitigkeit, an ebenfalls 
frei stehenden gleich starken Biumen des Nordhanges auf nasskaltem Boden 
war am 26. Mai noch kein Zuwachs bemerkbar. Im vollen Waldesschlusse 
zeigten manche Fichten und Kiefern selbst am 1. Juni noch ruhendes Cambium 
auf Brusthohe, u.s.w. 

An excellent illustration is likewise afforded by WIELER’s table 
(table I). Trees I and II were in a 4o year stand, where they had 
been subjected to similar silvicultural conditions. WIELER failed 
to say whether tree II was bored on the north or south side, but 
in either case the tracheid numbers are seen to be quite different 
from those in tree I. Growth curves from neighboring trees under 
similar conditions never coincide. Fluctuations are constantly 
arising which upset the regularity of growth and for which no one 
factor is responsible. 


Termination of secondary growth in aerial growth 


The autumn condition of the cambium was observed in tree I 
both in 1912 and 1913, inasmuch as cuttings first began on this 


tree on August 5, 1912. The data given in table K include the 
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results obtained from two cuttings in 1912 and the last two cuttings 
of 1913. The table is of value because it offers comparative data 
which are strongly correlated with the results of others. While 
the periods of time between the cuttings of 1912 and 1913 are 
different, it is obvious that in each year the greatest increase of 
xylem toward the end of the growing season was in the basal cutting. 
In other words, growth continued vigorously at the base of the shaft 
until well into September, while in the higher parts it had either 


TABLE Kk 


TERMINATION OF GROWTH, TREE I; 1912 AND IQ13 


WIDTH OF RING aaa 
AMOUNT OF | PERCENTAGE No . : 


( ; r Ss F \ 
UTTING INCREASE OF INCREASE OF DAY a Pope 
Aug. 5, 1912 |Sept. 26, r912 = : 
I 2043.8) 3176.9H)| 533.16 20 52 0.38 
I 3040.4 52 
III 2529.0 2622.1 92.5 3.6 52 0.07 
I\ 1550.4 2328.3 777-9 50 52 0.96 
Aug. 13, 1913 Sept. 13, 1913 
I 2176.0@| 2176.04 31 
I] 3100.8 3304.0 293.54 9.5 31 0.21 
III 2448.0 2339.2 31 
L\ , 2067. 2 2502.4 435.2 27.1 31 0.68 


totally ceased, as in cutting I, 1913, or continued very sluggishly," 
and this condition was exhibited by tree I during two successive 
years. 

It follows from the preceding paragraph that in normal white 
pine trees growth is apparently first retarded above, retaining its 
vigor longest in the basal portions of the bole. The results of others 
on coniferous species lead to the same general conclusion. T. 
HArtTIG (12) worked on both hard and soft wood trees and came to 


3 The disparity in the data of cutting I for the two consecutive years may be 
questioned. In 1912 there was an apparent gain of 20 per cent during the period 
intervening between the two dates given, while in 1913 no growth was evident at all 
after the first date. But in 1912, the first cutting was made on August 5, while the 
following year it was 8 days later. This probably accounts for the increase in the first 
case. Growth was still in evidence there on August 5, but had the cutting been 
made 8 days later, the results might have been decidedly different. 
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the conclusion that cessation of growth occurred later below and 
last of all in underground parts. R. Hartic (11), following up 
these studies, made cuttings from species of Pinus, Picea, Larix, 
and Abies, in order to determine the condition of the cambium in 
different parts of the shaft. Cambial activity in each case was 
farther advanced above than below. It gradually diminished in 
intensity during the months of May, June, and July in the higher 
parts, while below the same applied to the months of June, July, 
and August. KNupson’s data (16) indicate the same condition 
of the tissue for Larix laricina, except that in the larch the phenom- 
enon occurred in July instead of August and September. 

The disparity in growth in different parts of a tree is without 
doubt dependent on conditions of temperature. The primary 
cortex persists in white pine for a long period, in some cases as long 
as 50 years. This condition is brought about through the division 
of the original cells of the cortex by anticlinal walls, and the sub- 
sequent enlargement of the two cells thus resulting. Meanwhile, 
cork formation remains superficial, so that the upper portions of 
the tree, even where the bole is 15 inches in diameter, are clothed 
by a layer of living, chlorophyll-bearing, primary cortex. Sooner 
or later, however, and varying markedly in different individuals, 
deep cork formation begins. This is evident first through the 
formation of isolated areas of brown tissue which stand out sharply 
from the surrounding living cortex. These increase in number, 
finally become confluent, and the characteristic old bark of white 
pine is formed. With this change in the type of cork formation 
there is correlated a modification of at least one factor potent in 
forwarding growth. The first phellogen is continuous around the 
whole circumference and functions until deep cork formation begins. 
New cork cells are added to the outside, and with the increase in 
circumference the older ones on the extreme outside slough off. 
So long as the primary cortex persists, the corky mantle remains 
thin and its protective value is in like proportion restricted. With 
deep cork formation, however, the conditions are altered to a large 


extent because the corky layers which are then formed through 
the activity of each phellogen accumulate. Protection of the 
cambium in the basal portions of the tree is thus greatly increased. 
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Changes in temperature are less effective there because the thick 
corky layers tend to equalize the conditions which prevail at different 
times during the growing season. Cool autumn nights, for example, 
would chill the cambium in the upper parts of the tree much earlier 
than below. Temperature changes become operative first where 
the primary cortex still persists, that is, where the bark is yet 
smooth. This without doubt explains the disparity of growth as 
we find it in white pine. Growth is first retarded above, but may 
go on vigorously below for a much longer period. 

The exact time of growth cessation apparently varies widely 
in different species, in different localities, and in different sites. 
While wide variations occur, still certain generalizations apply. At 
the outset the term “growth” is a misnomer. As already noted, 
phloem formation, at least in conifers, does not cease with xylem 
formation, but continues uninterruptedly until late in the fall. 
It is necessary, therefore, to discuss xylem and phloem separately 
in their relation to cessation of growth. 

A comparison of cuttings from tree I for the years 1912 and 1913 
will give an idea of the seasonal termination of xylem formation. 
One discrepancy was noted at the start. In spite of the fact that 
the final cuttings in 1912 were a week later than those in the follow- 
ing year, growth was apparently more vigorous at the later date 
in 1912 in all four cuttings. This is to be explained in two ways. It 
was due either to seasonal variations or to the fact that the vigor 
of the tree had been materially lessened the second year through 
the many cuttings taken from it. An examination of the meteoro- 
logical data for the two seasons has added no convincing evidence, 
inasmuch as comparative figures of growth for the two years were 
not at hand for a sufficiently large number of individuals, and 
general assumptions were therefore out of the question. Possibly 
both factors were in force. 

To give the exact time or a definite place in the tree for the 
termination of xylem formation is quite impossible, as the data on 
tree I indicate (table F). In 1912 growth was still in evidence on 
September 26 in all four cuttings, as transitional forms of tracheids 
could be noted in every case (fig. 6). Growth, however, was going on 


at this date very sluggishly. Often only one flattened transitional 
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tracheid occurred between a cambial cell and a fully formed 
(as to size) tracheid, and occasionally here and there in a cutting 
this was lacking entirely. Again, in the cuttings of September 19 
of the following year the same condition of affairs existed. While 
growth as to relative amount had to all purposes ceased, still all 
indications pointed to the fact that in all four cuttings it was going 
on, though very slowly. In both cases growth appeared to be most 
sluggish in cutting III, but no reason can be assigned to account 
for this fact. 

The data from the preceding paragraph lead to the following 
conclusions. Xylem formation in tree I continued during two 
successive years until the last half of September, possibly even as 
late as October 1. Further, it was in evidence throughout a large 
part of the bole, as cutting I was 38 feet above the ground and the 
terminal leader extended only 17 feet beyond. Whether it still 
continued in the terminal leader cannot be concluded from the 
present investigation. If we correlate these deductions with those 
previously reached in the paper, the following points are evident: 
(a) growth intensity falls off first in the upper parts of normal white 
pine trees, more tardily below; (6) cessation of xylem formation 
does not follow the same law, but persists sluggishly in all parts 
of the bole (with the possible exception of the terminal leader) 
until the latter part of September; (c) the exact time of the end of 
xylem formation was not determined in the present investigation, 
but it is safe to conclude that it was practically complete by 
October 1. 

The results of the present study are contrary to those of Rost. 
HartiG (9), who says, “Der Abschluss der Zuwachsthatigkeiter- 
folgt oben entsprechend frither, als unten.” Too much emphasis 
must not be placed upon this statement, because (1) HARTIG made 
external measurements only, and (2) his results may have been 
influenced by subsequent phloem formation after xylem formation 
had ceased. Rosr. HARTIG avoids the issue in part when he states 


that cambial activity occurs in the tops of trees in Pinus silvestris, 
Picea excelsa, and Larix decidua during the months of May, June, 
and July, and at the base during June, July, and August. While 
he implies also a cessation of growth, he does not say it in so many 
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words. WHELER (39) has given some data concerning the termina- 
tion of growth from the three white pines which he investigated 
(table J). In tree I the ring was complete on the north and south 
sides at the base on September 8. In tree II it was complete on the 
south side at the same height on August 28, while in tree III it 
was still in progress on September 8. In general his results indicate 
that in the vicinity of Dresden, Germany, growth in white pine 
ceases slightly earlier than at Ithaca, N.Y., a reasonable conclusion, 
since the former is in a higher latitude. The work of BUCKHOUT 
(2), already cited, is of interest in this connection. While his 
measurements were made externally and are therefore subject to 
the same criticisms as those of TH. HARTIG, certain facts are obvious. 
During the four years over which his experiments extended, growth 
was manifest in the white pine during the last to days in August 
and in two as late as September 8. His results serve to accentuate 
the fact that white pine has a long growing season, much longer 
than the European larch, with which he also worked. 

The growing season of tree I may be used, in spite of variations 
which occur between individuals in that respect, as a general indi- 
cator of white pine growth in the vicinity of Ithaca. As already 
indicated, growth in white pine may be divided into two periods: 
(A) growth without cell division and (B) growth with cell division. 
B of necessity follows A. Considering A and B together, growth 
began in tree I before March 29, 1913, and continued until after 
September 19 of the same year, a period of over 5.5 months; and 
this does not include the late phloem development which without 
doubt continued into October. Cell division began before April 26 
of the year in question, and if growth is considered in the narrow 
sense, the period is shorter by several weeks. If there are any 
grounds for the statement that trees complete their seasonal growth 
in a period of 4 or 5 weeks, white pine is an exception to the rule, 
as here the growing season extends over a period of 4-5 months, 
depending on the interpretation of the term “‘growth.”’ 


Differentiation in the annual ring in aerial parts 


In working up the foregoing data, no stress has been laid on 


differentiation within one and the same annual ring. As is generally 
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known, each normal ring may be divided into spring wood and 
summer wood, or better early wood and late wood. The second 
of these two regions is distinguished from the first either by a 
diminution in the size of the vessels, as in the case of ring porous 
woods, or through a reduction in size and flattening of the elements 
formed in the outer part of the ring. The proportion of early and 
late wood in the ring affects strongly the physical properties of the 
wood, and as a result the early workers gave much time to its con- 
sideration. The factors controlling the amount as well as the 
time of late wood formation have been a subject of inquiry, and a 
hasty review of the literature on the subject, as well as a summary 
treatment of the results of this study from this viewpoint, are 
appropriate here. 

One of the first theories offered to account for the variation 
in ring was that of Kraus (19), SACHS (30), and DEVRIEs (36), 
who explained it through differences in bark pressure at different 
times during the growing season. The radial pressure was at a 
minimum in the spring, permitting a greater expansion of the new 
elements, while it gradually increased during the growing season, 
ending with a maximum. The pressure leading up to the last was 
responsible for late wood formation. This theory was disproved 
by KRABBE (17, 18) beyond all contention in 1882, and since that 
time a number of new theories have sprung into existence, each 
with adherents. 

Rost. HARTIG (g) sought to explain the late wood formation in 
that the cambium was but poorly nourished in the spring. Late 
wood formation depended upon improvement in the nutritive 
conditions later in the season. According to HARTIG the size of the 
lumina of tracheids is dependent on the amount of transpiration of 
the foliage, while the thickening of cell walls is correlated with the 
increased amounts of food available at that time of the year. 
Diametrically opposed to HARTIG’s theory is that of WIELER (37) 
and Russow (29), which was based on the assumption that the 
early wood owed its origin to better conditions of nourishment. 

STRASBURGER (32) accepts neither of these theories, but explains 
annual ring formation as a normal fixed process. The young wood 


is the response, according to his theory, on the part of the plant 
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to a demand for conducting tissue, while the late wood is formed to 
increase the stability of the tree. The last factor may have been 
in force from the beginning, but was at the start overshadowed by 
the first. 

MeEr’s theory (23) rests firmly on the general assumption of 
WIELER as given above. According to his idea, the early wood 
results when the cambial activity is at a maximum, that is, in the 
spring, while late wood formation occurs when growth is going 
on very sluggishly, as in August and September in the white pine. 
The last elements of the annual ring are flattened because with 
the falling off of growth intensity the radial stretching of the 
young elements subsides in the same proportion. 

Still another theory is of interest here because it departs 
decidedly from all of those mentioned. ScHWARzZ (31) assigns 
the chief réle in late wood formation to longitudinal pressure. 
This is in force throughout the growing season, but its effects are 
lost at first as the result of other factors, such as nourishment, 
which are temporarily more potent at that time. With a decline 
in the action of these, the effect of longitudinal pressure (gravity) 
reasserts itself. 

No attempt has been made in the present work to refute or 
substantiate any of the theories above mentioned, nor in fact to 
bring forward a new hypothesis for annual ring formation. Other 
workers of the last decade have given the matter serious thought, 
but the problem still remains unsolved. It is the opinion of the 
author that several factors are potential, but inasmuch as these 
cannot be controlled by the investigator, the precise influence of 
each on growth cannot be definitely determined. The results 
obtained appear to substantiate MEr’s theory to some extent, in 
that growth in tree I was more rapid in the spring and early summer 
than subsequently. But the assumption that the cambium was 
better nourished at the beginning of growth than later is not justi- 
fied from the present inquiry. It can only be said, in conclusion, 
that late wood formation occurs at a time when growth is proceed- 
ing very slowly. 

No definite results were obtained concerning the time that late 
wood formation begins. White pine does not lend itself to a study 
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of this sort, because the transition from early to late wood is always 
very gradual, and it is difficult to distinguish the first formation 
of late wood tracheids. Larch should prove much more satis- 
factory for this study. But in spite of the difficulties mentioned 
above, it was obvious that late wood formation was in evidence in 
tree I on August 5, 1912, and on August 13 of the following year. 
On each of these dates all four cuttings showed some traces of it, 
and, further, it appeared to be slightly more advanced in cuttings I 
and IT than in the ones taken lower on the bole. This was to be 
expected from what has been previously said; late wood forma- 
tion begins first in the upper portions of the bole. 


Primary growth in aerial parts 


Some attempt was made in the investigations to secure reliable 
data concerning the elongation of aerial parts. A sample plot of 
0.05 acre was laid off on May 3, 1913, in the vigorous young white 
pine stand mentioned previously. It included 115 trees which 
ranged from 4 to 11 years. The soil was of medium thickness, 
underlaid by sandstone and shale; exposure was open. All the 
trees were seemingly vigorous. 

The trees were first examined on May 3 as to elongation of 
aerial parts. At that date elongation had already begun in all the 
trees on the plot, which varied from 0.5 to 2.5 inches. Greatest 
elongation had occurred in the terminal leader, while it was less 
pronounced in the slower growing lateral branches. The leaf 
fascicles were in evidence, but had as yet attained no appreciable 
length. 

Observations corresponding to the above were subsequently 
made on May 30, June 17, and July 4 of the same season. Accurate 
measurements of the terminal leader and of the preceding year’s 
growth for 50 trees were made in each case and the results collected 
in table L. The average growth of the preceding season is con- 
sidered as the mean of the average preceding year’s growth as found 
on May 30, June 17, and July 4. It is to be observed that the last 
vary slightly, as no attempt was made to select the same 50 trees 


on each date. The measurements are given in inches and fractions 
of inches. 
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Elongation of aerial parts began in the young growth in question 
before May 3 and continued until about July 4. Assuming that 
growth before May 3 proceeded at the same rate as between May 3 
and May 30 (1.2 per cent a day), we can only infer that the awaken- 
ing of growth in length in the shoots began about 8 days before 





(April 25), a conclusion that field observation fully confirmed. 
Cessation of growth in length in shoots had occurred by July 4, 
without doubt because at this date the length of the season’s 
growth had surpassed that of the preceding year, and furthermore 





the terminal cluster of buds was fully formed. It follows from the 
data that in 50 young trees in 1913 elongation of the terminal shoots 


TABLE L 


GROWTH IN LENGTH IN THE TERMINAL LEADER 


Average | Mean Per cent of 


verage P : : . er cent 
| date we a I growth of growth of preceding No. of | Per cent Per en . 
| ; ; F preceding preceding seasonal days gain a 
growth 2 : per day 
season season growth 
: IQ13 E.2§ 13.55 9.3 
5~30-I9T3 5.0 13.95 13.55 41.3 27 32.0 1.2 
| > 
| 60-17-1913 10.02 5S ..22 13.55 73.9 1d 32.0 1.d 
| {-1913 14.37 13.45 13.55 100.1 17 32 1.9 


began in the last part of April and continued until July 4. What 
applies to the terminal shoot is even more applicable to the lateral 
branches where long growth is not as vigorous. Furthermore, 
the same relation exists between young and old trees. In the latter 
growth in length must have been completed by July 4, so that it 
may be concluded that in white pines in the vicinity of Ithaca, 
growth ceases during the early part of July." 

Before proceeding to a review of the results of others, perhaps 
a brief discussion of the elongation of the leaf is appropriate here. 
Only one observation was made in regard to this point, but for- 
tunately the date was July 4, so that it offers a chance for com- 
parison between growth of shoots and leaves. The leaves on the 


'4 MEISSNER (22) has noted the formation of the so-called ‘ Johannistriebe”’ in 
rare cases in white pine. Bud formation occurs in the normal way, but in such cases 
some buds continue growth the same year. This peculiarity has been noted in many 
dicotyledonous fruit trees, but is rare in conifers. 
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terminal shoot of the season were compared with those of the pre- 
ceding season as to length (not thickness), and the results tabulated 
in table M in inches. Only 6 trees were examined, so that we can- 
not expect the uniformity that more extended observations would 
offer; still, the results are of value in that they lead to a general 
conclusion. 

TABLE M 


TABLE OF LONG GROWTH IN NEEDLES 


Naive see 
NEEDLE LENGTH poet hacks 
JATE . aici ae JIFFERE : > IT 
sii DirreREnct PERCENTAGE Bheomibeod ‘ 
Old New “ j 
TF APIOE 3 5 15:3 3-75 2.38 137 63 63 
7-47-1013 ..: 2.75 P.75 100 603 63 
ia pe, | is. 2.88 2.00 88 69 63 
7-4-19013.... 2.88 2.13 75 73 63 
7 EIT 2 ss 275 f.83 62 41 63 
et eens 2.35 S75 03 re’ 63 





Elongation in the needles had not ceased on July 4; in no case 
was it three-fourths completed, as a reference to the table will 
show. Assuming that elongation in the needle is contemporaneous 
with elongation in the shoots,’ that is, that it began on April 26, 
it follows that during a period of 69 days the needles had attained 
on an average 63 per cent of the average growth of the preceding 
season. Assuming again that the rate of elongation was the same 
during the rest of the season, we may compute roughly the period 
necessary for the needles to complete their growth, that is, growth 
in length in the needles would be completed about 4o days after 
July 4, that is on August 13. It is reasonable to assume from the 
data on the 6 trees that the elongation of white pine needles ceases 
somewhere about the middle of August. 

If we correlate the results given above with those which have 
been previously given, we arrive at the following interesting 
conclusions for white pine in the vicinity of Ithaca. Growth in 
thickness (secondary thickening) begins in white pine before the 
elongation of aerial parts, either of shoots or needles. Elongation 


of shoots and needles begins simultaneously. The elongation of 


‘5 Field observation substantiated this assertion. 
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the shoots ceases during early July, while that of the needles 
continues well into August. 

Comparative studies of the growth in length of shoots and 
needles have been made by others. WtELER (39) found, for 
example, that in the needles growth was completed in Pinus mon- 
fana at the beginning of July, in Pinus ausiriaca at the end of 
August, in Pinus silvestris by the end of July and the beginning 
of August, in Pinus Strobus during the course of August. Growth 
of the needles in Pinus, according to his observations, varies with 
the species. MEISSNER (22) likewise noted that growth of needles 
of a number of species of pine varied, especially that of Pinus 
silvestris. While he gives no exact date for the termination of 
growth of needles in the species, he states that growth in length 
of the terminal shoot ceased about the middle of July, and in all 
cases the growth of the needles continued later than that of the 
shoot. Whether all species of Pinus agree in this respect remains 
vet to be determined; white pine has proved no exception to the 
rule. 

Primary growth in underground parts 

The detection of primary growth in underground parts is in 
some species attended with obstacles which are well nigh insur- 
mountable. Often the new tissues are little or not at all differ- 
entiated from those of the preceding year, and in such cases it 
is very difficult to detect the beginning of growth in length in the 
spring. This is the case in white ash, where little coloration results, 
so that it is quite impossible to separate new and old parts of the 
root. Fortunately, in the Coniferae this does not apply, for within 
a space of 1 cm. marked brown coloration appears, so that new 
growth can be detected without any difficulty. Furthermore, 
after the cessation of growth in the autumn, this brown mantle 
approaches nearer the root tip, so near in fact that one can be 
reasonably sure as to the presence of new growth. 

The first observations on root growth were made on April 26, 
1913. Roots were obtained from 3 and 4 year white pine specimens 
in the nursery. The frost had been out of the upper soil layers 
for only a short time, yet evidences of growth were to be seen in 


many of the root tips in the shape of small white translucent 
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protuberences 1 mm. or so in length. Very little elongation had 
occurred, but clear evidences of its inception were to be seen. 
Growth in length had already begun. 

This early study, as well as the subsequent ones, also brought 
out another interesting point in regard to white pine roots, namely 
that there are two kinds of roots underground, just as there are 
two kinds of branches above. This is well brought out in fig. 11, 
where long roots and short roots are plainly visible. The short 
roots occur irregularly on the sides of the long roots, either singly 
or in tufts of varying size. Where the latter occur, they arise 
through the forking of a normal short root; this is repeated a 
number of times and each branch remains short and acquires a 
growing point of its own. Occasionally one of the apices in the tuft 
grows out into a long root, but the majority of them remain short, 
function for a time, but eventually die and disappear as the diameter 
of the long root increases. Other workers have already noted 
the same condition in white pine roots. BUsGEN (4) has described 
it in some detail, and adds further that mycorhiza are found in the 
long roots, while they are entirely lacking in the short roots. 

Data bearing on root growth were next obtained on May to. 
Roots were taken from a thrifty young pine about 12 years old, 
which from its position on the north bank of Fall Creek near Varna, 
N.Y., was admirably fitted for the purpose in hand. The creek had 
partially undermined the sandy bank, and root apices were readily 
obtained by digging back into the bank. Some of these are repre- 
sented in fig. 12. The new growth had already attained a length 
of two inches in many cases, and, as seen in the figure, was sharply 
marked off from that of the preceding year. This is due to the 
fact that in the last cork formation (as well as secondary thicken- 
ing) had occurred, and the thick primary cortex which forms the 
bulk of the thickness in the new growth was entirely lacking. 
Browning of the tissues, a peculiarity already described, had also 
started in the new growth, as the root tip at the extreme right 
bears evidence. Lateral roots in the form of translucent dots 
were just appearing on the sides of the growth of the preceding 
season. It was quite impossible on May 10 to make comparative 
notes of root growth in 1912 and 1913, inasmuch as the point of 


origin of growth in the spring of 1912 was not evident. All trace 
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of yearly elongation is lost after the first year. No attempt was 
made to trace rapidity of growth of white pine roots. Roots from 
the same tree on May 30 exhibited an average growth of 4-5 
inches, but no other material was secured. We can only infer 
from the data at hand that growth in length began as early as 
April 26, possibly much earlier. 

The results of others in regard to the duration of root growth 
are interesting in this connection. REsA (27), after repeated 
observations on root growth, came to the conclusion that there are 
in all roots two periods of root development, one in the spring, 
which occurs mainly before the unfolding of the leaves, and a second 
during September and October. The last persisted through the 
winter in dicotyledons, with many interruptions from time to 
time, but without complete cessation. In conifers, on the other 
hand, there was a decided rest period during January and February. 
WIELER (38) combated REsA’s conclusions and maintained that 
in the autumn, after leaf fall and the resulting lessened demand 
for water, no new roots were necessary. PETERSON (26) worked 
with young and old trees of a number of dicotyledons, as well as 
specimens of Picea excelsa, Pinus montana, and Larix decidua. 
His results in every way substantiate those of RESA and contra- 
dict the conclusions of WIELER. Among other points explained, 
PETERSON points out that there is a period of root elongation which 
may occur in the spring anywhere between February and June. 
In June, and especially in July, elongation gradually ceases. This 
is followed by a reawakening in growth in length from August 
until October and even into November. The author does not 
state in which period growth is more intense. The researches of 
BUSGEN in 1901 (4) and ENGLER in 1913 (6) substantiate in every 
way those of REsA and PETERSON, so it may be concluded that 
there are two periods of elongation, and furthermore, that in white 
pine the first begins in late April and continues into early June or 
even later. 


Secondary growth in underground parts 


Secondary growth in roots, as in stems, begins the first season, 
and once started proceeds in the usual way. Mention has already 
been made of the variability in white pine roots as regards the 
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number of xylem rays. The secondary xylem forms between the 
primary xylem rays and under the primary phloem, and it follows 
that there are as many secondary xylem areas as there are primary 
xylem rays. In a young root where the secondary thickening has 
begun we find the primary and secondary xylem areas alternating 
with each other (figs. g and to). It is usually not until the 
following year that the segments unite and complete the ring of 
cambium. 

An unsuccessful attempt was made to find out at just what 
period in the growing season secondary thickening began in the 
root. Roots were examined on May 11 and again on May 30 with 
this object in view. No secondary growth was in evidence in 
either case in the new tissues, even when, as at the last date, 
elongation had gone on to the extent of 5-6 inches. In every case, 
however, where the last formed growth of the preceding season 
was examined, secondary xylem was in evidence between the poles 
of the primary xylem, and evidence of a resting period was to be 
seen, so that it must be concluded that secondary growth occurs 
later in the growing season than May 30, probably during the second 
period of activity in the autumn. The cambial segments, however, 
apparently do not unite over the poles the first year, so that second- 
ary growth the first season is confined to as many separate areas 
as there are poles. 

The course of secondary thickening in the root, once started, 
is much more irregular than in the aerial parts. The annual rings 
are usually thickest on the lower side of the roots as they enter the 
root crown, but all regularity is lost a short distance from the bole. 
The rings may be narrow here and broad there, and apparently 
their position in the ground has no appreciable effect; geotropism 
is not a factor in annual ring formation. False and double annual 
rings are often present. As RUBNER (28) has pointed out, the 
cambium may be active on one side of a root and dormant on the 
other for several years without its vitality being impaired, and this 
is responsible, in part at least, for the irregularities in growth which 
arise. Furthermore, the tissues of exposed roots present the same 
characteristics as those in aerial parts, a peculiarity previously 


noted by Kyny (20). In conclusion, it may be said that roots, 
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while conservative structures in many respects, exhibit much more 
irregularity in annual ring formation than do stems. 


Summary 


1. The winter condition of the secondary cortex and cambium 
of white pine is similar to that of Pinus rigida. The marked differ- 
ences which occur between the mature bark of white pine and 
pitch pine are occasioned by changes which take place in the outer 
cortex (periderm). 

2. The cambium varies both in number of cell layers (2-10) and 
thickness in different parts of a tree. It is smallest in both these 
respects in the twigs and young branches, and increases gradually 
in dimensions from the apex downward, until that point is reached 
in the bole where the last annual ring is the thickest. Thereafter, 
the decrease in the diameter is not proportional to the falling off 
in the diameter of the last formed ring. 

3. Phloem development continues until late in the autumn, 
much longer than xylem development. Sieve tubes in all stages 
of formation occur between cambium and fully formed phloem. 
The seasonal growth of phloem exhibits little or no compression 
as late as October first. Subsequently contraction occurs, due 
to the extreme cold temperatures of winter. All the seasonal 
growth of phloem is crushed with the exception of the last 6 or 
8 transitional tracheids. Compression is greater in the crown 
than below. 

4. The processes of primary thickening and secondary thicken- 
ing overlap, and both may be going on in closely neighboring spots 
in the tree at the same time. 

5. Growth in white pine is divisible into (a) growth without 
cell division and (6) growth with cell division. The first begins as 
early as March and the elements concerned (phloem) increase in 
radial diameter from 50 to over 100 per cent. The awakening of 
growth is due apparently to the rise of soil water with an accom- 
panying increase in temperature. 


6. Growth by cell division begins during the last half of April. 


At the start it is very rapid, and more elements are formed at the 
inside of the cambium than at the outside. The formation of 
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new xylem elements follows the same order as in pitch pine, that 
is, it begins first in the bole at some distance below the apical 
shoot and spreads upward and downward. As a result, growth 
at the base of a tree may begin several weeks later than in the 
crown. 

7. The awakening and rapidity of growth is dependent on three 
factors, moisture, available food (reserve), and temperature. 
The first two are at an optimum in the spring; the amount of 
growth therefore is directly proportional to prevailing temperatures. 

8. The intensity of growth is a variable factor which changes 
from day to day and even within a single day. Two periodic 
optimums of growth intensity occur, one during May and early 
June, the second in July and August. These vary from time to 
time at a given height in the tree and follow no definite law. 

g. The amount of growth at a definite time and place in the 
tree is equal to the sum of the prevailing growth intensities by the 
time each was in force. It is very irregular at different heights in 
the tree, but the cambium tends to even up discrepancies as the 
season progresses. The irregularities of growth are manifested 
not only in the actual dimensions of the newly formed tissues, but 
also in the xylem elements. Wide discrepancies may occur in 
closely neighboring trees; in general, larger differences may be 
expected the greater the disparity in age. 

10. Growth is first retarded in the upper portions of the tree; 
it may continue vigorously below for some weeks longer. 

11. Xylem formation goes on very sluggishly in all parts of the 
tree (the terminal leader excepted) until late September and early 
October, phloem development as long as temperature permits. 

12. The total growth of white pine extends over a period of 
5.5 months, growth by cell division between 4 and 5 months. 

13. Late wood formation begins during the first half of August; 
it is associated with a decrease in growth intensity and begins first 
in the higher parts of the tree. 

14. Elongation of new shoots and leaves is simultaneous and 
begins in early May; it manifests itself only after xylem formation 


has begun. Growth in length in the shoots ceases about July 1; 


needle growth may continue until August 15 or even later. 
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15. White pine has long roots and short roots. Only the first 
elongate to any extent and often are in symbiosis with mycorhiza. 
Growth in length begins during the last half of April, in some cases 
even earlier; no reliable data were obtained regarding its cessation. 
Secondary growth occurs during the first season and proceeds 
in the usual way. 


This work was undertaken at the suggestion of Professor W. W. 
ROWLEE, Cornell University, to whom I am very grateful for 
help and criticism. Acknowledgments are also due to Professor 
WALTER MULFORD and Professor JOHN R. BENTLEY of the De- 
partment of Forestry, New York State College of Agriculture, 
Ithaca, N.Y. 
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EXPLANATION OF PLATES XIII AND XIV 


Fic. 1.—Cutting III taken from tree I, December 22, 1912; cambium and 
phloem in the resting condition; X75. 

Fic. 2.—Cutting I taken from tree I, February 20, 1913; phloem (A-B) 
in winter condition; X 160. 

Fic. 3.—Cutting IV, same; contraction from low temperature more 
restricted; X 160. 

Fic. 4.—Cutting I taken from tree I, April 26, 1913; growth taking place 
very rapidly (c, approximate position of the cambium); X too. 

Fic. 5.—Cutting II taken from tree I, May 12, 1913; rapid xylem forma- 
tion has occurred (c, approximate position of the cambium); X 5o. 

Fic. 6.—Cutting IV taken from tree I, September 19, 1913; transitional] 
forms of tracheids, slow growth; Xtr1o. 

Fic. 
condition of the phloem; X 200. 


7.—Cutting III taken from tree I, September 26, 1912; autumnal 


Fic. 8.—Diarch white pine root before secondary thickening; two exarch 
bundles in process of formation; Xo. 

Fic. 9.—Tetrarch white pine root after secondary thickening; X 25. 

Fic. 10.—Same enlarged, showing 4 original xylem rays; X35. 

Fic. 11.—Long roots and short roots of white pine, May 10, 1913. 

Fic. 12.—New growth of long roots, May 14, 1913. 








EXTREME ALTERATIONS OF PERMEABILITY 
WITHOUT INJURY 


(WITH FOUR FIGURES) 


W. J. V. OSTERHOUT 


It has been pointed out in a previous paper' that in the opinion of 
some writers permeability is a relatively fixed property of the cell, 
and that it is altered only as the result of injury; the alteration is 
then irreversible. Others assume’ that there are reversible changes 
in permeability which may form a normal part of the activities of 
the cell. In view of the fact that such changes may control metab- 
olism, it seemed important to establish the truth or falsity of this 
assumption by rigorous proof. 

This was successfully accomplished by the use of quantitative 
methods. The previous paper contained a brief statement of some 
of the results obtained; the present paper adds important data and 
describes subsequent experiments in which an extreme range of 
permeability was attained and very rapid changes were investi- 
gated. 

The permeability was measured by determining the electrical 
resistance of living tissues of Laminaria saccharina by a method 
which has been previously described.‘ 

It has been shown that the electrical resistance of the living 
tissue falls rapidly where it is transferred from sea water to a solu- 
tion of NaCl of the same conductivity, and that within certain 
limits this effect is reversible. Tissue which in sea water had a 
resistance of 1020 ohms? was placed in a solution of NaCl 0.52M 
which had the same conductivity as the sea water. In the course 
of five minutes the resistance fell to 830 ohms. The tissue was 
replaced in sea water; the resistance soon rose to normal and so 
continued during the remainder of the day. 

Science N.S. 36:350. 1912. 
Cf. H6BeEr, Physikalische Chemie der Zelle und Gewebe. Kap. 7 und to. rgtt. 
Science N.S. 35:112. 1912. 


‘ All readings were taken at 18° C. unless otherwise stated. 
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As the electrical conductivity of the tissue is a measure of the 
permeability of the protoplasm to ions, we may calculate the per- 
centage of increase of permeability by finding the change in con- 
ductivity. In the present instance it is more convenient to use the 
change in conductance without reducing this to specific conduc- 
tivity. The resistance at the start was 1020 ohms, but this includes 
the resistance of the apparatus with its contained sea water. 
Evidently this should be subtracted from the total resistance; the 
remainder will be called the net resistance. 

In this case the resistance of the apparatus was 250 ohms. The 
net resistance of the tissue at the start, therefore, was 1020—250= 
770 ohms; the net conductance was 1+770=0.00130 mho. At 
the end of five minutes in NaCl the net resistance was 830—250= 
580 ohms; the net conductance was 1+580=0.00172 mho. The 
increase in permeability, therefore, amounts to 0.00172—0.00130= 
©.00042 mho, or 32.3 per cent.® 

It might be objected that this increase in conductance was not 
due to an increase in permeability but to an increase in the ions 
of sodium chloride, to which the tissue might be assumed to be 
normally more permeable than to some of the other ions of the sea 
water. This, however, cannot be the case, as is shown by the 
following experiment. ‘Tissue having a resistance of 1020 ohms 
was placed in a mixture of 1000 cc. NaCl 0o.52M+20 cc. CaCl, 
0.278M. The resistance remained at 1020 ohms in this mixture. 
The tissue was then transferred to NaCl o.52M for five minutes. 
At the end of this time the resistance had fallen to 860 ohms; on 
being placed in sea water the resistance rose to the normal and so 
remained for some time. 

In this case the resistance of the apparatus was 230 ohms. The 
net resistance at the start was 1020—230= 790 ohms; and the net 

In the previous paper it was suggested that the tissue should be killed, that the 
resistance of the apparatus should be measured while the dead tissue remained in it, 
and that this should be subtracted from the total; the remainder was called the net 
resistance. It seems better, however, to take the resistance of the apparatus after 
the tissue has been removed, to subtract this from the total, and call the remainder 
the net resistance. 


Complete recovery after such a large increase of permeability is not always 
obtainable unless the material is in good condition and is freshly collected. Even in 
such material a lot will occasionally be found which shows poor recovery. 
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conductance 1+790=0.00127 mho. After treatment with NaCl 
the net resistance was 860—230=630 ohms, and the net con- 
ductance was 1+630=0.00159 mho. ‘The increase in net conduct- 
ance, therefore, was 0.00159—0.00127=0.00032 mbho, or 2 


5-2 
per cent. The increase in the percentage of sodium ions was only 
2 per cent, while the content of chlorine ions remained unchanged. 
It is evident, therefore, that there was a great increase in per- 
meability. 

In order to see whether this increase of permeability is accom- 
panied by injury, an experiment was made in which the same piece 
of tissue was exposed to the action of NaCl several times during the 
same day. The resistance of the tissue in sea water was roto ohms; 
after five minutes in NaCl the resistance fell to 880 ohms; the 
tissue was then placed in sea water and a reading ten minutes 
later showed that the resistance had risen to toro ohms. During 
the next 95 minutes it showed no change. It was then placed in 
NaCl for five minutes and the resistance fell to 870 ohms. It was 
replaced in sea water; a reading taken ten minutes later showed 
that it had returned to normal, where it remained for 90 minutes 
without change. It was then placed in NaCl for five minutes. The 
resistance fell to goo ohms and returned to normal during the ensu- 
ing ten minutes in sea water. After ro5 minutes in sea water, 
during which no change occurred, it was again exposed to NaCl for 
five minutes. The resistance fell to 870 ohms and returned again 
to normal during the following ten minutes in sea water. On the 
following day its resistance was only 30 ohms below the resistance 
of the control, which at the beginning of the experiment was 1040 
ohms. The results are presented graphically in fig. 1. 

The successful outcome of this experiment lead to an attempt 
to carry on such an experiment for several days in succession, 
giving the tissue one treatment daily with NaCl. The material 
was selected with especial care. The fronds were fairly thick, 
without reproductive organs. The experiment was made at Woods 
Hole, Mass.. in July, at which time such fronds may be easily 
obtained. The disks cut from these fronds were slightly curved, 


so that when placed in the apparatus they separated spontaneously, 
thus allowing the running sea water in which they were kept to 
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circulate freely between them. Care was taken to keep them 
only about two-thirds submerged, so that they had free access to 
air without any risk of drying. 

The tissue had in sea water a resistance of 1020 ohms at 20° C. 
As the temperature of the sea water varied but slightly from this 
during the experiment, all readings were taken at 20° C. On being 
placed in NaCl 0.52M at this temperature, the resistance fell in 
five minutes to 890 ohms; it was then placed in sea water and a 
reading taken ten minutes later showed that it had risen again to 
the normal. The resistance of the apparatus was 240 ohms; hence 
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Fic. 1.—Alterations of permeability shown by curves of the electrical resistance 


of Laminaria saccharina in NaCl 0.52M (unbroken line) and in sea water (dotted 


portion of the curve); the horizontal dotted line (above) shows the resistance of the 
| control. 


the net resistance at the start was 1020—240= 780 ohms, and the 
net conductance 1+780=0.00128 mho. The net resistance after 
treatment with NaCl was 8g90o—240= 650 ohms, and the net con- 
ductance 1++650=0.00154 mho. The increase in permeability, 
therefore, was 0.00154—0.00128=0.00026 mho, or 20.3 per cent. 

The tissue was then placed in running sea water for 22 hours, 
with the precautions mentioned above. At the end of 22 hours 
the resistance was 1020 ohms at 20° C. An exposure of five minutes 
to NaCl resulted in a drop to 920 ohms, with complete recovery 
within ten minutes. The same treatment was given once each day 
for 15 days. On the tenth day the resistance began to fall off, but 
as this falling off was also shown by the control, which remained in 
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sea water through the experiment, it was not due to the sodium 
chloride but to other causes. The results are shown in table I and 
fig. 2. 

TABLE I* 


Resistance before Fall of resistance 


Day after 5 minutes Recovery Control in sea water 
exposure in Na | 
I : 1020 130 Complete 1030 
? 1020 100 5 1030 
3 1020 110 “. 1030 
} 1020 140 Ps 1030 
5 1020 120 me 1030 
0 1020 120 7 1030 
7 1020 100 ‘s 1030 
5 : 1020 130 si 1030 
) 1020 120 1030 
10 1000 120 - 1020 
it 1000 110 ‘i 1010 
12 go 100 1010 
13 goo 110 7 Q70O 
14 Q50 120 <i 960 
15 Q30 100 4 Q50 


All readings were taken at 20° C 


Electrolytes may also cause a reversible decrease in permeability. 
The simplest way of demonstrating this is by means of the following 
very striking experiment. The resistance of a cylinder of living 
tissue in sea water was found to be 750 ohms. It was tested an 
hour later and found to be the same. Sufficient lanthanum nitrate 
(8.7 gm. to 1000 cc. sea water) was then added in solid form to 
make its concentration’ in the sea water o.orM. After five min- 
utes the resistance rose to goo ohms. As the resistance of the 
apparatus was 250 ohms, the net resistance before the addition of 
lanthanum was 750—250=500 ohms, and the net conductance 
[+500=0.002 mho. After treatment with lanthanum nitrate, 
the net resistance was goo— 250= 650 ohms, and net conductance 
[+650=0.00154 mho, a loss of 23 per cent. 


7 The concentration was reduced by the precipitation of a small amount of lan- 
thanum sulphate; this had practically no influence on the subsequent result, since the 
outcome is the same if we use in place of sea water a mixture of 1000 cc. NaCl o.52M-+ 
20 cc. CaCl, o. 278M, in which case no precipitate is formed. It should be noted that 


the addition of lanthanum chloride has the same effect as the addition of lanthanum 
nitrate. 
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In order to ascertain whether this change in permeability is 
reversible, the tissue was replaced in sea water. In the course 
of an hour its resistance returned again to the original condition.’ 
The experiment was then repeated three times on the same lot of 
material with practically the same result; it was then allowed to 
stand over night in sea water. On the following day there was no 
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Fic. 2.—Alterations of permeability shown by curves of the electrical resistance 
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of Laminaria saccharina in NaCl o.52M (unbroken line) and in sea water (dotted 
portion of curve); upper dotted line, control in sea water. 


appearance of injury, and its resistance was the same as that of 
the control, which had remained in sea water throughout the 
experiment. The tissue was then placed in the sea water plus 
lanthanum and left until its resistance had increased 1oo ohms; 
it was then put back into sea water and left until the resistance fell 





to nearly normal. This was repeated three times, and the tissue 


‘If the material is left in sea water plus lanthanum nitrate the increased resistance 
is maintained for a long time unaltered. 
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was then allowed to stand over night in sea water. On the third, 
fourth, and fifth days the same experiment was repeated four times. 
On the fifth day the tissue appeared to be in as good condition as 
the control, and had a resistance which was slightly higher. There 


TABLE II* 


Resistance rose 
in sea water Recovered to 
+La.(NO;)o to 


Resistance at 
start of exposure 








Day 1 
I:xposed during 5 minutes 750 goo 750 
750 870 750 
Recovered during 55 minutes 750 goo 750 
750 850 750 
Control = 730 
Day 2 
I;xposed during 20 minutes 700 860 710 
710 $30 710 
Recovered during 100 minutes 710 850 710 
710 840 710 
Control = 690 
Day 3 
I:xposed during 30 minutes | 690 790 710 
710 S00 720 
Recovered during 100 minutes | 720 790 710 
710 790 700 
Control = 660 
Day 4 
I;xposed during 30 minutes 670 700 680 
680 750 670 
Recovered during 100 minutes 670 780 680 
680 770 0350 
Control=650 
Day 5 
Exposed during 40 minutes 660 760 660 
660 780 660 
Recovered during 120 minutes | 660 770 660 
600 760 660 


Control= 650 


All readings were taken at 20° 


was no reason, therefore, to suspect that the changes in permeability 
had been attended by any injurious effect. The results are shown 
in detail in table II and fig. 3. 

Similar experiments were performed in which calcium chloride 
was used in place of lanthanum nitrate. In this case 3.3 gm. 
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CaCl, were added to each tooo cc. of sea water. Owing to the fact 
that the rise in resistance took place more slowly? than when 
lanthanum was used, the experiment was performed twice on each 
of the five successive days. On the sixth day the material was in 
as good condition as the control and had the same resistance. 
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Fic. 3.—Alterations of permeability shown by curves of the electrical resistance of 
Laminaria saccharina in sea water, and in tooo cc. sea water+2.6 gms. La,(NO;)6 
0.01M); the same lot of material was exposed four times daily on five successive 
days to the action of 1000 cc. sea water+La.(NO;)6; unbroken part of curve, resistance 
in sea water+La.(NO,)6; dotted part of curve, resistance in sea water; lower hori 
zontal dotted line, control in sea water. 


It is evident, therefore, that the permeability may be greatly 
decreased and then restored to the normal several times on five 
successive days without any trace of injury. Further experiments 
showed that the permeability may be alternately increased and 
decreased twice daily for five days without injury. The amount 
of increase and of decrease was about the same as in the experi- 
ments just described. 


If in place of solid CaCl, a strong solution is added, the rise is more rapid and 
reaches a higher figure. 
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Experiments on dead tissue (killed by heat or by formalin or ' 
allowed to die a natural death) showed that the results described 
above are due entirely to the living cells. 

A very marked decrease of permeability may be produced by a 
considerable variety of other salts. The addition of these salts in 
solid form simultaneously increases the conductivity of the solution 
and decreases the conductivity of the tissue. This affords the 
most convincing proof that the change in the conductivity of the 
tissue in these experiments cannot be due to any cause other than 
a change in permeability; for the concentration of the ions of the 
sea water remains unchanged, and if they were able to penetrate 
as freely as they did before the addition of the salt, the resistance 
would not increase. It would, in fact, diminish on account of the 
increased conductivity of the solution held in the cell walls, as is 
clearly shown by experiments on dead tissue. 

It may be remarked incidentally that these experiments effectu- 
ally dispose of the possible objection that the current passes between 
the cells but not through them. Were this objection well founded, 
the decrease in conductivity could be explained only as the result of 
a decrease in the size of the spaces between the cells. This decrease 
could not be brought about except by greatly reducing the thickness 
of the cell walls. Both macroscopic and microscopic measurements 
show most conclusively that this does not occur. The contrary 
effect would be produced by the addition of salts in solid form, 
for they would tend to produce plasmolysis and thereby to increase 
the space between the cells. 

As these remarkable changes in permeability seemed to produce 
no bad effects, it occurred to the writer to see whether the proto- 
plasm could endure still more violent alterations without perma- 
nent injury. In order to test this the following experiment was 
performed. A lot of tissue was found to have in sea water a resist- 
ance of roroohms. It was placed in CaCl, 0. 278M, which had the 
same conductivity as the sea water. At the end of ten minutes a 
reading was taken which showed that the resistance had risen to 
1500 ohms. The material was then placed in NaCl 0.52M, which 
had the same conductivity as the sea water; at the end of ten 
minutes the resistance was 880 ohms. The experiment was con- 
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tinued by placing the material for ten minutes alternately in CaCl, 
and NaCl, with the results shown in table III and fig. 4. After 
80 minutes the material was placed in sea water, where it soon 
regained its normal resistance of toro ohms. ‘Twenty hours later 
the resistance was found to be unaltered and the experiment was 
repeated. After 80 minutes of alternate exposure to CaCl, and 
NaCl, the material was placed in sea water, where it soon regained 
its normal resistance, which it maintained for three days, when the 
experiment was discontinued. 


TABLE III* 


ALTERATIONS IN ELECTRICAL RESISTANCE OF Laminaria saccharina EXPOSED FOR 
10 MINUTES ALTERNATELY TO CaCl, 0.278 AND NaCl 0.52M 


Day t DAY 2 
—— Solution Resistance na Solution Resistance 

° 1010 : 1O10 
10 CaCl, 1500 10 CaCl, 1490 
20 NaCl 880 20 NaCl 880 
30 CaCl, 1470 30 CaCl, 1500 
40 NaCl goo 40 NaCl goo 
5° CaCl. 1500 50 CaChL 1460 
00 NaCl 860 60 NaCl goo 
70 CaCl, 1470 70 CaCl, 1480 
80 NaCl 890 80 NaCl 880 
05 Sea water 1010 05 Sea water 1010 
[15 7 i 1010 

Control in sea water 990 Control in sea water 990 


All readings were taken at 18° C 


The resistance of the apparatus was 240 ohms. ‘The net resist- 
ance of the tissue at the start, therefore, was to1lo— 240= 770 ohms, 
and the net conductance 1+770=0.00130 mho. After the first 
exposure to CaCl,, the net resistance was 1500— 240= 1260 ohms, 
and the net conductance was 1+1260=0.00079 mho. ‘The loss in 
conductance was 0.0013—0.00079=0.00051 mbho, or 39.2 per 
cent. 

After the first exposure to NaCl the net resistance was 880— 
240= 640 ohms, and the net conductance 1+640=0.00156 mho. 
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This was greater than the normal by 0.000156—0.0013=0.00020 
mho, or a gain of 20 per cent. 

The fact that protoplasm is able to endure such violent altera- 
tions of permeability throws a new light on the normal life processes 
of the cell. In the course of metabolism a great variety of sub- 
stances are produced which affect the permeability of the proto- 
plasm. Since it is clear that the permeability may be increased or 
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Fic. 4.—Extreme alterations of permeability shown by curves of electrical resist- 
ance of Laminaria saccharina in CaCl, 0.278 M (unbroken line), in NaCl 0.52 M 


(dotted portion of curve), and in sea water (dotted line with points); horizontal 
dotted line, control in sea water. 


decreased 30 per cent or more without rendering a return to normal 
permeability impossible, it is evident that considerable fluctuations 
in permeability may form a normal part of the life processes of the 
protoplasm. 


In this way the whole course of metabolism may 
be controlled, since this evidently depends on the exchange of sub- 
stances between the cell and its environment. 
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Summary 


Results obtained by the use of quantitative methods prove that 
the permeability of protoplasm may be greatly increased or dimin- 
ished without injury. A rapid alternation of increase (amounting 
to 20 per cent above normal) and decrease (amounting to 39 per 


cent below normal) did not produce injury. 


LABORATORY OF PLANT PHYSIOLOGY 
HARVARD UNIVERSITY 
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APOGAMY IN NEPHRODIUM HERTIPES 
PRELIMINARY NOTE 

Several cultures of Nephrodium hertipes were made _ beginning 
December 14, 1913. The spores were collected from plants grown in 
the university greenhouse and were sown on sphagnum placed in small 
stender dishes and then saturated with a o.1 per cent Knop’s solution. 
Before the spores were sown, the dishes containing the medium were 
thoroughly sterilized in an oven. The prothallia were grown under 
favorable conditions of nutrition, illumination, moisture, and tempera- 
ture. While the sex organs were developing on the prothallia of other 
species under these conditions, it was observed that only an occasional 
prothallium of this fern produced antheridia. Archegonia were never 
seen on any of the prothallia. 

In April 1914, many of the prothallia in the oldest culture were 
typically heart-shaped. A microscopical examination made at this 
time showed that embryos of apogamous origin had begun their devel- 
opment. When the embryo is about to make its appearance, usually 
a small light area, just back of the apical notch, is formed. This appear- 
ance is due to the fact that only a few chromatophores are present in the 
cells of this part of the prothallium as compared with the larger number 
present in the neighboring prothallial cells. Tracheids appear in the 
paler portion of the prothallium just described. The light region grad- 
ually increases in extent. Where the tracheids are formed, a compact 
mass of cells is produced which develops into the apogamous embryo. 
A foot is never formed by the developing embryo. The primary leaf 
first makes its appearance, then the primary root, and later the stem. 
In this order of development of the parts of the embryo, Nephrodium 
hertipes resembles some other apogamous ferns thus far described. In 
some cases, however, the root appears before the leaf. On large, much- 
branched prothallia several apogamous embryos may begin to develop. 
Some of these abort and seldom more than one embryo on a prothallium 
reaches an advanced stage. 

Occasionally cylindrical growths, often containing tracheids, are 
produced from the prothallia. As growth proceeds, these sporophyte- 
like portions flatten out at the growing ends and assume the form of 
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ordinary prothallia, which may in their turn produce apogamous embryos. 
In all my cultures apogamous embryos have been produced in large 
numbers. From observations so far made it appears that all the pro- 
thallia may produce such embryos. Some of the young sporophytes 
have been grown to a height of several inches and are apparently normal 
in every respect. 

An investigation of the nuclear history of this species led to the dis- 
covery of cell and nuclear fusions in the sporangia, similar to those 
described for the first time by Miss RutH ALLEN in Aspidium falcatum, 
and not thus far described in any other fern. Nothing unusual has been 
observed in the early stages in the development of the sporangia. By 
four successive divisions 16 cells are formed from the primary sporoge- 
nous cell. These cells instead of functioning as spore mother cells, 
as do the cells of the corresponding cell generation in the sporangia of 
most of the Polypodiaceae, fuse in pairs. Sometimes the wall between 
two neighboring cells completely disappears before the fusion of the 
nuclei. Frequently only a portion of the walls disappears before the 
fusion of the nuclei is completed, but as a rule they wholly disappear 
later. 

The 8 cells produced by the fusions just described are the ones that 
function as the spore mother cells. Heterotypic and homoeotypic 
divisions occur, forming typically 32 spores. The mature sporangium, 
however, frequently contains fewer than 32 spores. Irregularities 
occurring in sporogenesis may account for the presence of the smaller 
number of spores in a sporangium. Spore mother cells in synapsis, 
various stages in the divisions of the spore mother cells, and tetrads are 
sometimes found at the same time in a single sporangium. This is out 
of harmony with the usual course of events in fern sporangia, and it is 
possible that some of the cells in the earlier stages of development may 
fail to complete their division. Occasionally cell and nuclear fusions 
are not completed. It is highly probable that the number of spores in 
a sporangium is frequently reduced by these irregularities and abnormali- 
ties among the spore mother cells. —W. N. Streit, University of Wisconsin, 
Madison, Wisconsin. 
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BOOK REVIEWS 


Experimental genetics 

When one of the foremost investigators in any science has the additional 
ability which enables him to write a clear, well balanced textbook, it is only 
just that public appreciation should increase in geometrical proportion, for 
such proficiency is rare. For this reason the writer feels sure that he voices 
a unanimous sentiment among geneticists in thanking Dr. Baur for bringing 
up to date his /ntroduction to experimental genetics. The original edition, pub- 
lished in 1911, probably had fewer defects in judgment of values than any of 
the textbooks on the subjects that have been issued so frequently since 1900. 
The new edition,’ with 1oo added pages, fully sustains this opinion. And such 
a seemingly odious comparison with other books is no disparagement of their 
value, for most other volumes on genetics have treated only particular phases 
of the subject. If any broad criticism can be made of either edition, it is that 
biometrical and cytological results have hardly been given the space they 
merit, though the present edition has partially abrogated this deficiency. 

The author follows the general plan of the first edition, the additional 
pages being made necessary because of the numerous investigations of the 
past two years. The first two chapters lay a foundation for discussing the 
inheritance of acquired characters. In reality they are concerned with plant 
physiology and morphology from the genetic standpoint. By making use of 
elementary biometrical formulas, the changes during ontogeny due to varying 
external conditions are carefully explained, emphasis being laid on the varia- 
tion in ability to react to stimuli at different parts of the life cycle. Then 
follow two chapters in which the more modern experimental attacks on the 
inheritance of modifications are clearly and logically described and criticized. 

The next 100 pages are filled with Mendelian results. The elementary 
principles are described well and many new illustrations are used, but the more 
recent work is not adequately treated. For example, the marvelous work of 
MorGaAN in analyzing the germ plasm of Drosophila is hardly mentioned. One 
is the more astonished at this omission when he sees that several pages are 
given over to BATESON’s theory of partial coupling, a theory that cannot com- 
pare with MorGan’s for ingenuity, reasonability, and logical agreement with 


facts. 


' Baur, E., Einfiihrung in die experimentelle Vererbungslehre. Zweite Auflage. 
vilit+4or, mit 131 Textfiguren und 1o farbigen Tafeln. Berlin: Gebriider Borntrae- 
ger. 1914. 
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The next chapter discusses the apparent cases of non-Mendelian heredity, 
inheritance only through the mother, and vegetative segregation in the first 
hybrid generation. This is followed by some 30 pages on the inheritance of 
sex, which is not wholly satisfactory on account of the omission of so much 
recent work from both the cytological and the pedigree culture side. Odds 
and ends are picked up in the next two chapters. The first is largely an 
account of the many peculiar results occurring in species crosses to which as 
yet there is no satisfactory explanation. The other describes graft hybrids 
and xenia. 

The six remaining chapters are rather general in character, and partly for 
this reason are highly recommended to biologists who are not specialists in 
genetics. They deal with questions of variation and heredity in a broad way, 
from the viewpoint of a man thoroughly conversant with all modern investi- 
gations, philosophical as well as experimental. 

It has been generally understood that an English translation was to appear 
simultaneously with the German edition. Let us hope that the war will only 
delay and not prevent its publication —E. M. Easr. 


MINOR NOTICES 


A manual of weeds.—The present volume? is probably the most extensive 
and exhaustive weed manual yet published. In fact, the author has taken the 
term ‘“‘weed”’ in its broadest sense and has included many plants not usually 
regarded as pernicious; for example, the list embraces several of the golden 
rods, clovers, asters, and roses, and even such trees as the wild black and choke 
cherries. About 500 species are described in semi-technical terms and three- 
fourths of them are illustrated by habit drawings. They are arranged under 
their respective families, but no keys or other means of identification are 
supplied. This seems to be the greatest defect of the manual and one that 
might have been rather easily remedied. Both common and scientific names 
are given, the former including some of the more common synonyms, and the 
range is made to include all of the United States and Canada. The illustra- 
tions, although rather small, will certainly prove to be one of the most useful 
features of the book, enabling any one with a minimum of scientific traming 
to recognize with considerable accuracy all weedy plants of common occurrence. 

Like the other volumes of this series of ‘* Rural manuals”’ edited by L. H. 
BAILEY, this manual of weeds will be found useful as a textbook in agricul- 
tural colleges, but it makes its strongest appeal to the practical tiller of the soil. 
In this connection it is gratifying to note that the problems of weed control 
receive considerable attention, although the importance of rotation of crops 
seems to be less emphasized than its efficiency deserves.—Gero. D. FULLER. 


?GeorGiA, ApA E., A manual of weeds. 12mo. pp. xi+561. figs. 355. New 
York: Macmillan. 1914. $2.00. 
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Fodder and pasture plants.—At times it is difficult for the student of agri- 
culture to obtain at once adequate botanical descriptions and cultural data of 
plants commonly used for fodder and pasture purposes, while the farmer is 
frequently poorly informed upon either phase of knowledge relating to the 
plants he is constantly growing. A recent volume by CLARK and MALTE3 
seems to be particularly well fitted to meet the needs of both student and farmer. 
Its botanical descriptions of the grasses and clovers usually cultivated are 
accurate but non-technical, while in addition it furnishes abundant data upon 
the geographical distribution, cultural conditions, habits of growth, and agri- 
cultural value of the plants discussed. Perhaps the best feature of the volume 
is the admirable series of colored plates depicting the species described with 
such accuracy that any one, even without botanical training, can have no 
difficulty in at once recognizing them. In this respect the volume is uniform 
with the Farm weeds of Canada previously noticed in this journal,4 and it will 
form a valuable addition to the equipment of the teacher of agriculture as well 
as a convenient book of reference for the farmer.—GEo. D. FULLER. 


Ferns of Washington.—Under this title FryE and JAcksons have pub- 
lished a small book which is a boon to those who wish to become familiar with 
the ferns of Washington. It includes the true ferns, water ferns, adders- 
tongues, grape ferns, horse tails, scouring rushes, club mosses, moss ferns, and 
quillworts. The writers find 66 species of pteridophytes in the state, of which 
30 are Polypodiaceae. These species belong to 24 genera, of which 16 are 
Polypodiaceae. The work has a key to families, and keys to the genera and 
species. The families, genera, and species are all described. The habitat and 
the range of each species is given. In a state comprising such a diversity of 
regions as does Washington, the distribution within the state would add to 
the usefulness of the work. It is illustrated with 20 plates made from draw- 
ings and photographs, illustrating the principal species treated in the work. 
This publication will undoubtedly add greatly to the interest in the ferns and 
their allies in the Northwest.—GEorGE B. Rice. 


NOTES FOR STUDENTS 


Biology of Fegatellaa—Miss MAyBRook® examined vegetative thalli of 
Fegatella conica found growing in a cavelike hole. In regions of greatest light 
intensity the thallus showed the structures common to Fegatella, but as the 


3 CLARK, Geo. H., and Matte, M. O., Fodder and pasture plants. 8vo. pp. 143. 
pls. 27. Ottawa: Dept. of Agric., Dominion of Canada. 1913. 50 cents. For sale 
by Superintendent of Stationery, Government Printing Bureau, Ottawa. 

4 Bor. GAz. 50:389. I9gI0. 

‘Frye, T. C., and Jackson, MABEL M., The Ferns of Washington. pp. 60. 
pls. 20. Seattle, Wash.: Lowman & Hanford. 1914. Reprinted from Amer. Fern 
Jour. 3:65-83, 97-108. 1913; 4:6-14, 41-57. IQT4. 


6 MAYBROOK, ANNIE C., Note on the biology of Fegatella conica. New Phytol. 
133243-240. fig. I. 1914. 
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light intensity decreased the thallus decreased in size, the air chambers de- 
creased in number per unit area, and chloroplasts appeared in the dorsal 
epidermal cells. In the region of least light intensity and in dripping water 
a form was found which showed neither air chambers, ventral scales, nor 
tuberculate rhizoids. Miss MAyBRooK concludes that the factors responsible 
for this condition of the thallus are diminished light intensity and excessive 
moisture. Since none of these plants were in fruit the question of identity 
naturally is of prime importance. The long series of recently conducted 
experiments on undoubted Fegatella conica by BRYAN in this laboratory show 
that under extreme conditions of moisture the air chambers can be somewhat 
modified. BRYAN eliminated neither air chambers nor ventral scales. The 
reviewer considers the presence of air chambers and ventral scales of such 
importance in undoubted Marchantiales that he hopes Miss MAyBROOK will 
place some of the plants under suitable conditions for fruiting in order that 
there may be no doubt of their identity.—W. J. G. LANp. 


Notes from Florida.—HARSHBERGER’ has written a popular sketch of 
his journey across the Everglades, promising later to give a detailed account 
of the plant formations studied. Attention is called to the great lack of scien- 
tific knowledge of this region. South Florida is regarded as that portion of the 


7°. Brief treatment is given the plant and animal life, agri- 


state south of 2 
cultural possibilities, and other topics. 

BessEy® has given a brief description of the hammocks, as they are seen 
about Miami, contrasting them with the pine lands and with the Everglades. 
Reference is made to a number of the more interesting species, and the cause 
of the sharp contrast between the vegetation of the pine lands and that of the 
hammocks is discussed. 

In a steamboat ride up the Apalachicola River, R. M. HARPER? noted a 
considerable change in the bank vegetation in the progress of the journey. 
Among the possible explanations suggested for this common phenomenon, the 
chief place is given to the probability that the upstream plants require or 
tolerate greater fluctuation in level than do the plants of the estuarine swamps, 
in which, of course, the seasonal changes in level are small.—H. C. Cow tes. 


An ecological study of weeds.—Weeds have been largely neglected by 
ecologists and phytogeographers, who for the most part have concerned them- 
selves with the more primeval types of vegetation. For several years Miss 
BRENCHLEY has been making observations on the soil relations of weeds, and 


7 HARSHBERGER, J. W., South Florida; a geographic reconnaissance. Bull. 
Geog. Soc. Phila. 10:37-47. figs. 10. 1912. 

’ Bessey, E. A., The hammocks and everglades of southern Florida. Plant 
World 14: 268-276. figs. 2. 1911. 

9 HARPER, R. M., The river-bank vegetation of the lower Apalachicola, and a 


new principle illustrated thereby. Torreya 11: 225-234. fig. I. III. 
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she has made three reports on her studies.*? The work has been carried on in 
Southern England, and careful effort was made to compare conditions in 
several different counties. It is concluded that some weeds are ubiquists, 
occurring on all soils, whereas other weeds are definitely symptomatic. Symp- 
tomatic species are most in evidence on chalk, although it is to be noted that 
most of the weeds which are calcifuges in Bedfordshire are calcicoles in Wilt- 
shire and Somerset. Examples of such reversal are Chenopodium album and 
Bartsia Odontites; Poa annua is about the only consistent calcifuge observed. 
In one place a mingling of chalk plants and “‘acid plants” was explained by a 
non-calcareous surface soil overlying a chalk subsoil. In some cases the char- 
acter of the crop influences the weed population, as in certain leguminous seed 
crops. Some plants, as the mayweeds (Anthemis, Matricaria), are impatient 
of competition.—H. C. Cow Les. 


Morphology of Macroglossum.— Vucroglossum is a new generic type of the 
Marattiaceae described in 1909 by CopELAND from material obtained from 
Borneo. A recent visit to this region enabled CAMPBELL to secure material 
of this fern, and he has now published an account of its structure and affinities." 
The genus now comprises two species, the second one having been found grow- 
ing in the botanical gardens at Buitenzorg, but of unknown origin. The 
species studied is a large plant, the leaves reaching sometimes a length of 
4 meters. It belongs to the Angiopteris group, related apparently most nearly 
to Archangiopteris. It differs much in general appearance from Angiopteris, 
as well as in its much elongated and partially immersed sori. The sporangia 
also are smaller and very much more numerous than those of Avgiopteris. 
The gametophyte may reach a length of 3 cm., and branching is not uncommon. 
The antheridia occur on both surfaces, and the number of sperm mother cells 
is probably greater than in any other of the Marattiaceae. The embryo 
develops a conspicuous suspensor, as in Danaea. The author also describes 
certain anatomical details, comparing them with those of the other Marattia- 
ceae.—J. M.C. 


Leaf-sheath trichomes in grasses.—In many grasses, especially those of 
xerophytic and alpine habitats, the leaf sheaths do not decay immediately 
alter death. Instead of this they remain, forming a sort of mantle about the 
young sheaths. That this feature is especially characteristic of xerophytic 
grasses was noted in 1890 by HACKEL, who regarded the mantles as having a 
protective function, tending to reduce transpiration. H. BROCKMANN-JEROSCH”® 


0 BRENCHLEY, WINIFRED E., The weeds of arable land in relation to the soils on 
which they grow. Ann. Botany 25:155-165. 1911; 26:95—-109. 1912; 27:141-106. 
IQ13. 

CAMPBELL, D. H., The structure and aflinities of Macroglossum Alidae Cope- 
land. Ann. Botany 28:651-669. pls. 46-48. figs. 8. 1914. 


2? BROCKMANN-JEROSCH, H., Die Trighome der Blattscheiden bei Griisern. Ber. 
Deutsch. Bot. Gesells. 31: 590-594. pl. 1. 1914. 
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calls this interpretation in question. For example, in Festuca spadicea these 
persistent sheaths are found in the soil, where protection from transpiration is 
of little importance. A more striking observation was made on Festuca varia, 
a species that grows in winter while the soil about its roots is still frozen. 
Thinking that there might be absorptive organs beneath the mantles, the 
author finds that downward-pointing hairs are present in this position in many 
of these grasses. Mostly from such circumstantial evidence, BROCKMANN- 
Jeroscu postulates that these hairs are water-absorptive organs. Such an 
observation needs experimental corroboration, as the author frankly recog- 
nizes.—H. C. COWLES. 


Soil studies.—E. E. FrREE® of the U.S. Bureau of Soils has brought together 
the essential features of our knowledge of soil physics in admirable form for 
use by physiologists and ecologists. The material is treated under the 
following heads: the physical condition of soils, the movements of soil water, 
soil water and the plant, the physical constants of soils, and soil temperature. 

FREE has also published an elaborate paper on soil movement by wind.'4 
While this treatise will be of value in the first instance to physiographers, it 
will also be of great interest to all ecologists who are interested in the vegeta- 
tion of such wind deposits as sand dunes or loess. Among the topics treated 
are the mechanics of wind translocation, drifting sand and sand dunes, dust 
storms and dust falls, atmospheric dust, geologic formations of eolian origin, 
and volcanic dust as soil material. At the close is a remarkably complete 
bibliographical index of eolian geology; in the compilation of this index FRE! 
was aided by S. C. Stuntz.—H. C. Cow tes. 


Defoliation and wood structure.—In recent years many trees of the 
European larch in the English Lake District have been repeatedly defoliated 
by the large larch sawfly. Some of the trees have been studied by HARPER'S 
to determine the influence on wood structure. Such defoliation means starva- 
tion to a greater or less degree, and starvation affects both the amount of growth 
and the structure of the wood. In the lower parts of the tree, where the rings 
ordinarily are narrower than they are above, growth may cease altogether; 
higher up, where there is more growth, the rings may not completely encircle 
the tree. Even before this effect is seen, there is a reduction in the wall 
thickening of the autumn wood. This situation is related to an actual lack 
in the foods necessary to build up these tissues to the usual amount.—H. C. 
COWLES. 


}FrEE, E. E., Studies in soil physics. Plant World 14: 29-39, 59-66, L10-110, 
164-176, I8O-Ig0. IQII. 
44 FREE, E. E., The movement of soil material by the wind. U.S. Bureau of 
Soils, Bull. 68. pp. 272. pls. 5. 1911. 
Harper, A. G., Defoliation: its effects upon the growth and structure of the 
vood of Laria \nn. Botany 27:621-642. pls. 2. Jigs. 2. 1913. 
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Vegetative reproduction in Selaginellaa—Miss BANcRoFT™® has investi- 
gated the reproductive ‘‘tubers”’ of two species of Selaginella from India. 
In S. chrysocaulos there occur budlike structures at the tips of some of the 
vegetative branches; while in S. chrysorrhizos the stem apices forming the 
‘““buds” repeatedly fork, rhizophores often occurring in the fork between two 
branches. Miss BANCROFT investigated the behavior of both these repro- 
ductive structures, which differs in details, since in one of the species the 
“tubers” remain at the surface of the ground; while in the other they are 
developed underground, at the ends of filamentous vegetative branches. 
fe Wo Ge 


Anatomy of some xerophilous ferns.—MarsH" has made an anatomical 
study of certain xerophilous species of Cheilanthes and Pellaea, material having 
been obtained chiefly from the United States. Such well marked leaf ‘‘adapta- 
tions”’ as hairs or scales on the lower surface, inrolled margins, thick cuticle, 
and palisade parenchyma are described. The xylem features are discussed 
in detail, and one of the interesting conclusions is that “the petiolar structure, 
the stem anatomy, and the greater output of spores per sporangium, all point 
to Cheilanthes Fendleri as a near approximation to an ancestral type, from 
which C. gracillima and C. lanuginosa have been derived.”’—J. M. C. 


Sphagnum bogs of Alaska.—Ricc® has noted the peculiarities of the 
flora of some Alaskan peat bogs and finds that while sphagnum occurs in many 
different habitats in Alaska, only where there is an absence of drainage do 
bogs accompany it. The peat in the bogs visited had a maximum depth of 
only 2.5 ft. Aside from the sphagnum, Empetrum nigrum is the most abun- 
dant and uniform in its occurrence, but Ledum palustre, Kalmia glauca, Oxy- 
coccus oxycoccus, and Drosea rotundifolia are among other characteristic 
species. The bogs occur surrounded by treeless areas, by tundras, or by 
coniferous forests, and vary much in area.—GEo. D. FULLER. 


Ecological aspects of Paleozoic vegetation. —DACHNOWSKI” has given an 
account of the probable vegetational features and ecological conditions of 
Ohio from Ordovician through Pennsylvanian time. The most important 
part of this paper is the discussion relative to the prevailing xeromorphy of 
Paleozoic land plants. It has long been known that most of these xeromorphic 


% BANCROFT, N., Note on vegetative reproduction in some Indian selaginellas. 
\nn. Botany -28:685—-693. pl. 40. figs. 7. 1914. 
7 MarsH, A. S., The anatomy of some xerophilous species of Cheilanthes and 


Pellaea. Ann. Botany 28:671-684. figs. 11. 1914. 


 Ricc, G. B., Notes on the flora of some Alaskan sphagnum bogs. Plant 
World 17:176-183. 1914. 


19 JVACHNOWSKI, A., The ancient vegetation of Ohio and its ecological conditions 
for growth. Ohio Naturalist 11:312-331. 1911; Amer. Jour. Sci. 32:33-39. IgIt. 
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plants were inhabitants of swamps, and it is the author’s belief that the toxic 
theory, which he has done so much to develop, explains these ancient xero- 
phytic structures as well as it does the xerophytic structures of modern bog 
plants.—H. C. Cow Les. 


Seedling anatomy.—Miss THoMAs” has added a large body of facts to 
our knowledge of seedling anatomy, having investigated 150 species belonging 
to Ranales, Rhoeadales, and Rosales, about half of them belonging to Ranales. 
She has reached some interesting conclusions as to the phylogenetic relations 
of the various anatomical conditions, and is inclined to believe that seedling 
anatomy may be of service in indicating relationships, in spite of the recent 
tendency to discount it. It would be of interest if Miss THomas should ‘‘sum- 
marize or analyze” the results obtained thus far, and give us a profitable 
perspective.—J. M. C. 


Scinaia.—SETCHELI” has studied the species of red algae which have 
usually passed for Scinaia. As a result he has broken up what seems to be a 





plexus of forms. After a description of the morphology of the group, the 
taxonomic presentation includes Scinaia, with 11 species, 5 of which are new; 
Gloiophloea, with 7 species, 4 of which are new; and Pseudoscinaia, a new genus 
with two species. The discussion of geographical distribution of this group 
of forms is particularly suggestive, a subject to which the author has been giv- 
ing much attention.—J. M. C. 


Mutation in Egyptian cotton.—KEARNEY” has contributed to the literature 
of mutation by describing the behavior of Egyptian cotton, which exhibits the 
tendency characterizing Oenothera Lamarckiana, new characters appearing at 
different times and in different places. The origin of this cotton is obscure, but 
it seems certain that the varieties now grown are of mixed ancestry. If this 


be true, it would confirm the view that the tendency to produce mutants is 





a result of remote or complex hybridization.—J. M. C. 


Elementary species of Onagra.—BaArtLettr® has published 12 new ele- 
mentary species of the subgenus Onugra, 5 of them belonging to the aggregate 
called O. biennis in our manuals, 2 of them being allies of O. parviflora, and the 


remaining 5 being included in the recent descriptions of O. muricata, which in 


|  THomas, I. N., Seedling anatomy of Ranales, Rhoeadales, and Rosales. Ann 
Botany 28:695-733. pls. 50, 51. figs. 43. 1914. 
SETCHELL, W. A., The Scinaia assemblage. Univ. Calif. Publ. Bot. 6: 79-152 
pis. 10-10. 1914. 
KEARNEY, THOMAS H., Mutation in Egyptian cotton. Jour. Agric. Research 
2:287-302. pls. 17-25. I9t4. 
}Bartiett, H. H., Twelve elementary species of Onagru. Cybele Columbiana 


1337-56. pls. I-5. 1914. 
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turn was referred to O. biennis until recently. These numerous elementary 
species emphasize the fact that O. biennis, as formerly understood, was really 
a surprising mixture of forms.—J. M. C. 


Bolivian plants.—The Bolivian collections of TH. HERzoGc, made during 
tgto and rg1t, have been determined by various specialists, and the first part 
is now published,4 containing 339 species distributed as follows: ferns 136, 
Lycopodiales 1 (Jsoetes), gymnosperms 2 (Ephedra), dicotyledons 190, and 
monocotyledons to. The new species number 42, of which 14 are ferns, dis- 
tributed among to genera, and 28 are dicotyledons, distributed among 17 
genera.—J. M. C. 


Lepidopteris and Antholithus.—ANTEVvs*s has made a critical investiga- 
tion of Lepidopteris Ottonis and Antholithus Zeilleri and has concluded that they 
belong to the same plant. The latter is presumed to be the staminate struc- 
ture of a seed plant; but no seeds are available to indicate whether this meso- 
zoic plant represents a continuation of the Cycadofilicales, as the foliage 
would suggest, or is a member of some more modern group of seed plants.— 


jJ.M.C. 


New genus of Plasmodiophoraceae.—FERDINANDSEN and WINGE*® have 
described a new genus (Ostenfeldiella) of the Plasmodiophoraceae, dedicating 
it to its discoverer, Dr. C. H. OSTENFELD, who found it attacking a species of 
Diplanthera, growing in shallow water or muddy soil on the coast of the island 
of St. Croix. The parasite causes swellings in certain branches, so that the 
branch as a whole bears ‘‘a certain resemblance to a string of pearls.” —J. M. C. 


The vegetation of Guiana and Trinidad.—CAMPBELL” has given an 
interesting account of a visit to Guiana and Trinidad. Both British and Dutch 
Guiana were included in the itinerary. In each of these colonies and also in 
Trinidad study was facilitated by botanical gardens. Excellent stretches of 
natural forest are available from Paramaribo and Port of Spain.—H. C. 
COWLES. 


24 (Herzoc, Tu.), Die von Dr. TH. Herzoc auf seiner zweiten Reise durch 
Bolivien in den Jahren 1910 und 1911 gesammelten Pflanzen. Teil I. Mededeel. 
Van Rijks Herb. no. 19. pp. 84. 1913. 

23 AnTEVS, Ernst, Lepidopteris Ottonis (Gépp.) Schimp. and Antholithus Zeilleri 
Nath. Kgl. Svensk. Vetensk. Handl. 51: no. 7. pp. 18. pls. 3. 1914. 

20 FERDINANDSEN, C., and WINGE, O., Ostenfeldiella, a new genus of Plas- 
modiophoraceae. Ann. Botany 28:643-649. pl. 45. figs. 4. 1914. 

27 CAMPBELL, D. H., Some impressions of the flora of Guiana and Trinidad. Pop. 
Sci. Monthly 82:19-32. figs. 3. 1913. 





